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Hinweise zur vorliegenden Dissertation 
Die vorliegende Dissertationsschrift ist eine kumulative Dissertation gemäß §10 (3) der 
Promotionsordnung vom 24.10.2014 der Medizinischen Fakultät Carl Gustav Carus der 
Technischen Universität Dresden für den akademischen Grad Dr. rer. medic. Sie umfasst 
drei thematisch zusammenhängende wissenschaftliche Fachartikel, die in führenden 
internationalen Fachzeitschriften mit Peer-Review-Verfahren publiziert wurden. Von zwei 
der drei Publikationen bin ich alleinige Erstautorin, von der dritten geteilte Erstautorin*: 
 
Artikel 1 
Jünger E, Gan G, Mick I, Seipt C, Markovic A, Sommer C, Plawecki MH, O'Connor S, 
Smolka MN, Zimmermann US. 2016. Adolescent women induce lower blood 
alcohol levels than men in a laboratory alcohol self-administration experiment. 
Alcohol Clin Exp Res 40(8):1769-1778. 
 
Artikel 2 
Jünger E, Javadi A-H, Wiers CE, Sommer C, Garbusow M, Bernhardt N, Kuitunen-Paul 
S, Smolka MN, Zimmermann US. 2017. Acute alcohol effects on explicit and 




Obst E*, Schad DJ*, Huys QJ, Sebold M, Nebe S, Sommer C, Smolka MN, Zimmermann 
US. 2018. Drunk decisions: Alcohol shifts choice from habitual towards goal-
directed control in adolescent intermediate-risk drinkers. J Psychopharmacol 
32(8):855-866. 
 
* geteilte Erstautoren 
 
Die Artikel sind im Anhang auf den Seiten 37 bis 78 nachzulesen. Der erste Artikel basiert 
auf den Daten eines vom NIAAA geförderten Projekts namens: „Dresden Longitudinal 
study on Alcohol use in Young Adults (D-LAYA)“. Die anderen beiden Artikel entstanden 
im Rahmen des Teilprojekts 4: „Acute effects of alcohol on learning and habitization” der 
DFG Forschergruppe 1617 „Learning & habitization as predictors of the development & 
maintenance of alcoholism” (www.lead-studie.de). Im Rahmen der beiden Projekte sind 
noch drei weitere, inhaltlich verwandte, wissenschaftliche Artikel entstanden, bei denen 
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ich Ko-Autorin oder geteilte Erstautorin* bin. Die Ergebnisse dieser Artikel sind nicht Teil 
dieser Dissertation, fließen aber in die Diskussion der Forschungsergebnisse ein: 
 
Juraeva D, Treutlein J, Scholz H, Frank J, Degenhardt F, Cichon S, Ridinger M, 
Mattheisen M, Witt SH, Lang M, Sommer WH, Hoffmann P, Herms S, Wodarz N, 
Soyka M, Zill P, Maier W, Jünger E, Gaebel W, Dahmen N, Scherbaum N, 
Schmäl C, Steffens M, Lucae S, Ising M, Smolka MN, Zimmermann US, Müller-
Myhsok B, Nöthen MM, Mann K, Kiefer F, Spanagel R, Brors B, Rietschel M. 
2015. XRCC5 as a risk gene for alcohol dependence: Evidence from a genome-
wide gene-set-based analysis and follow-up studies in drosophila and humans. 
Neuropsychopharmacology 40(2):361-371. 
 
Kuitunen-Paul S*, Obst E*, Schmidt R, Sommer C, Kuitunen PT, Wittchen H-U, 
Zimmermann US. 2018. Effects of alcohol intoxication on self-reported drinking 
patterns, expectancies, motives and personality: a randomized controlled 
experimental study. Addict Biol [Epub ahead of print] DOI: 10.1111/adb.12604. 
 
Schad DJ*, Jünger E*, Sebold M, Garbusow M, Bernhardt N, Javadi A-H, Zimmermann 
US, Smolka MN, Heinz A, Rapp MA, Huys QJM. 2014. Processing speed 
enhances model-based over model-free reinforcement learning in the presence of 
high working memory functioning. Front Psychol 5(Article 1450). 
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2-step = 2-stage Markov decision task 
‰ = Promille (g Alkohol/ kg Blut) 
AAT = Approach-Avoidance Task 
aBAC = arterial Blood Alcohol Concentration 
ACTH = Adrenocorticotropin 
AEQ = Alcohol Expectancy Questionnaire 
ANOVA = ANalysis Of VAriance 
ASA = Alcohol Self-Administration 
AUD = Alcohol Use Disorders 
AUDIT = Alcohol Use Disorders Identification Test 
BDI = Beck Depression Inventory 
BMBF = BundesMinisterium für Bildung und Forschung 
CAIS = Computer-assisted Alcohol Infusion System 
CIDI = computerized Composite International Diagnostic Interview 
CS = Conditioned Stimuli 
DFG = Deutsche ForschungsGemeinschaft 
D-LAYA = Dresden Longitudinal study on Alcohol use in Young Adults 
DSM = Diagnostic and Statistical manual of Mental disorders 
EtOH = Ethanol 
FH = Family History of alcoholism 
FHN = Negative FH of alcoholism 
FHP = Positive FH of alcoholism 
fMRI = functional Magnetic Resonance Imaging 
GABA = Gamma-AminoButyric Acid 
GIMP = GNU Image Manipulation Program 
GLME = Generalized Linear Mixed-Effects Model 
i.v. = intravenous 
LeAD = Learning and Alcohol Dependence 
M = Mean 
MANOVA = Multivariate ANalysis Of VAriance 
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N = Number of participants 
NIAAA = National Institute on Alcohol Abuse and Alcoholism 
NIH = National Institutes of Health 
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SD = Standard Deviation 
SE  = Standard Error 
SEM = Standard Error of the Mean 
SRE = Self-Rating of the Effects of alcohol 
TLFB = TimeLine Follow-Back interview 
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UN = United Nations 
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Die Adoleszenz bezeichnet laut WHO (World Health Organization) die Altersspanne 
zwischen 10 und 19 Jahren, in der Kinder im Zuge vielfältiger biologischer, 
neurologischer und psychosozialer Veränderungen erst zu Jugendlichen (ab 15 Jahren) 
und später zu Erwachsenen reifen (Sawyer et al., 2012). In diesem Lebensabschnitt sind 
die Heranwachsenden besonders leistungsfähig, belastbar und resilient, da ihre Körper 
den kindlichen Einschränkungen entwachsen, während der altersbedingte Verfall noch 
nicht eingesetzt hat (Dahl, 2004). Paradoxerweise sind die Heranwachsenden in dieser 
Zeit auch äußerst vulnerabel, was sich in einem starken Anstieg der 
Sterbewahrscheinlichkeit zeigt, welche sich Deutschland zwischen 10 und 19 Jahren für 
Jungen verachtfacht und für Mädchen versechsfacht (Statistisches Bundesamt, 2016). 
Hauptursache dieses Anstiegs sind alterstypische Schwierigkeiten in der Handlungs- und 
Emotionskontrolle, welche die Auftretenswahrscheinlichkeit von Unfällen, 
Gewalthandlungen, affektiven Störungen und Substanzmissbrauch erhöhen (Dahl, 2004). 
Tatsächlich ist die Adoleszenz eine kritische Periode für die Entwicklung von 
Alkoholstörungen (Nixon und McClain, 2010), denn der Alkoholkonsum in dieser 
Zeitspanne beeinflusst maßgeblich das Risiko für spätere Trinkprobleme (McCambridge 
et al., 2011). 
In der vorliegenden Arbeit wurden Spätadoleszente im Alter von 18-19 Jahren untersucht. 
In diesem jungen Alter haben in Deutschland bereits 95% der Männer und 88% der 
Frauen Alkohol getrunken, wobei 40% der Männer und 17% der Frauen regelmäßig 
Alkohol konsumieren (Orth, 2017). Jeder zweite 18-19-jährige Mann (50%) und jede dritte 
Frau (36%) berichten außerdem über Rauschtrinken, haben also in den letzten 30 Tagen 
mindestens einmal fünf bzw. vier Gläser Alkohol bei einer Gelegenheit getrunken. Diese 
Zahlen verdeutlichen, dass Alkohol von vielen Spätadoleszenten konsumiert wird, was 
die soziale Akzeptanz der Droge hierzulande bestätigt. Tatsächlich zählt Deutschland mit 
einem jährlichen Pro-Kopf-Konsum von 11 Litern reinem Alkohol bei den Über-14-
Jährigen zu den Hochkonsumländern (Die Drogenbeauftragte der Bundesregierung, 
2017; Schaller et al., 2017; World Health Organization, 2017). Der weltweite 
Durchschnittskonsum lag 2016 nur bei 6 Litern pro Person (World Health Organization, 
2017). 
 
1.1 Riskanter Konsum, schädlicher Gebrauch, Abhängigkeit 
Es gibt keinen definierten risikolosen Grenzwert für die tägliche Alkoholeinnahme, 
allerdings gilt eine tägliche Alkoholzufuhr von weniger als 24g Alkohol bei Männern und 
12g bei nicht schwangeren und nicht stillenden Frauen als risikoarm (Seitz und 
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Bühringer, 2010). Dies entspricht für Männer etwa einer Menge von 0,5 Litern Bier oder 
0,25 Litern Wein und für Frauen die Hälfte. Darüber hinaus sollte an zwei Tagen pro 
Woche komplett auf Alkohol verzichtet werden (Seitz und Bühringer, 2010). Riskanter 
Konsum ist demnach jeder Konsum, der diese Angaben überschreitet. Jugendliche 
sollten gemäß den Empfehlungen der Deutschen Hauptstelle für Suchtfragen gänzlich 
auf Alkohol verzichten (Seitz und Bühringer, 2010), allerdings werden für sie häufig die 
Mengenangaben für Erwachsene verwendet (Orth, 2017). Einen riskanten Konsum 
betreiben, so Pabst et al. (2013), 14% der 18-46-jährigen Deutschen (16% Männer, 13% 
Frauen). Diese Zahlen sind vergleichbar mit denen von Jugendlichen, hier trinken knapp 
15% der 18-25-Jährigen (16% Männer, 13% Frauen) riskante Mengen Alkohol (Orth, 
2017). 
Schädlicher Alkoholgebrauch ist nach ICD-10 die Bezeichnung für einen Konsum, der 
bereits zu feststellbaren körperlichen oder psychischen Störungen geführt hat, wobei die 
Kriterien für eine Abhängigkeit noch nicht erfüllt sind (Pogarell et al., 2010; Schulte-
Markwort und Remschmidt, 2011). Im DSM-IV gibt es stattdessen die Diagnose 
Alkoholmissbrauch mit folgenden vier Kriterien: 1) wiederholter Alkoholkonsum, der zu 
Versagen bei wichtigen Verpflichtungen führt; 2) wiederholter Alkoholkonsum in 
Situationen, in denen es zu einer körperlichen Gefährdung kommen kann; 3) wiederholte 
Probleme mit dem Gesetz aufgrund des Konsums und 4) fortgesetzter Konsum trotz 
sozialer Probleme. Sobald eines dieser Kriterien innerhalb eines Jahres vorliegt und der 
Alkoholkonsum zu klinisch bedeutsamen Beeinträchtigungen führt, wird die Diagnose 
Alkoholmissbrauch vergeben (Sass et al., 2003). Etwa 3% der erwachsenen Deutschen 
(5% Männer, 2% Frauen) erfüllen die DSM-IV Kriterien für Alkoholmissbrauch (Pabst et 
al., 2013). Aktuelle Prävalenzen für 18-19-Jährige liegen nicht vor, allerdings schätzten 
Holly et al. (1997) dass in den 90er Jahren bei etwa 11% der Deutschen in dieser 
Altersgruppe Alkoholmissbrauch vorlag. Da der Alkoholkonsum bei Jugendlichen dank 
zahlreicher Präventionsmaßnahmen seitdem stetig zurückgegangen ist (Orth, 2017), 
dürfte dieser Wert aktuell niedriger liegen. 
Alkoholabhängigkeit ist dagegen ein schwerwiegenderes Krankheitsbild, für dessen 
Diagnose nach ICD-10 mindestens drei der folgenden sechs Kriterien mindestens einen 
Monat lang gleichzeitig oder mehrfach innerhalb eines Jahres vorliegen müssen: 1) ein 
starker Wunsch oder Zwang, Alkohol zu konsumieren; 2) eine verminderte 
Kontrollfähigkeit bezüglich des Konsums; 3) körperliche Entzugssymptome bei 
Beendigung oder Reduktion des Konsums; 4) nachweisliche Toleranzentwicklung; 5) eine 
fortschreitende Vernachlässigung anderer Interessen zugunsten des Konsums und 6) ein 
anhaltender Konsum trotz des Nachweises schädlicher Folgen (Schulte-Markwort und 
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Remschmidt, 2011). Im DSM-IV gibt es sieben Kriterien für eine Alkoholabhängigkeit, 
wobei fünf davon den Kriterien 2-6 im ICD-10 entsprechen. Anstelle des ersten ICD-10 
Kriteriums zum Suchtdruck oder Craving, gibt es im DSM-IV zwei andere Kriterien: Es 
besteht ein anhaltender Wunsch oder erfolglose Versuche, den Alkoholkonsum zu 
kontrollieren und es wird viel Zeit aufgewendet den Alkohol zu beschaffen, zu 
konsumieren sowie sich von dessen Nachwirkungen zu erholen. Im DSM-IV liegt eine 
Alkoholabhängigkeit vor, wenn mindestens drei dieser Kriterien innerhalb eines Jahres 
aufgetreten sind (Sass et al., 2003). Nach Pabst et al. (2013) erfüllen 3% der 
erwachsenen Deutschen die DSM-IV Kriterien für eine Alkoholabhängigkeit (5% Männer, 
2% Frauen). In den 90er Jahren erfüllten etwa 6% der 18-19-Jährigen die Kriterien der 
DSM-IV Diagnose Alkoholabhängigkeit (Holly et al., 1997), auch dieser Wert dürfte 
aktuell niedriger liegen (Orth, 2017). 
Da die Unterscheidung zwischen Missbrauch und Abhängigkeit im DSM-IV empirisch 
nicht bestätigt werden konnte, wurde sie im DSM-5 aufgegeben, genau wie die 
römischen Ziffern (Rumpf et al., 2011). Stattdessen wurden die Missbrauchs- und 
Abhängigkeitskriterien zu einem Störungsbild „Alkoholgebrauchsstörung“ 
zusammengelegt, mit den drei Schweregraden: leicht, moderat und schwer (Rumpf et al., 
2011). Dabei wurde das frühere Missbrauchskriterium der wiederkehrenden Probleme mit 
dem Gesetz nicht übernommen, da es sich empirisch als unbedeutend und niedrig 
prävalent erwiesen hatte. Stattdessen wurde das klinisch weitaus bedeutsamere erste 
ICD-10 Kriterium des Suchtdrucks oder Cravings hinzugefügt (Rumpf et al., 2011). 
 
1.2 Durch Alkohol verursachte Schäden 
Der Alkoholkonsum verursacht erhebliche Schäden für den Einzelnen und die 
Gesellschaft. Für einzelne Konsumenten stehen negative gesundheitliche Folgen im 
Vordergrund. Laut Krankenhausstatistik des Statistischen Bundesamts war die Diagnose 
F10 der ICD-10 „psychische und Verhaltensstörungen durch Alkohol“ in deutschen 
Krankenhäusern im Jahr 2016 die zweithäufigste Diagnose nach der Herzinsuffizienz, bei 
Männern sogar die häufigste (Statistisches Bundesamt, 2018a). Auch bei Adoleszenten 
im Alter von 15-19 Jahren war die F10 Diagnose die zweithäufigste Diagnose (nach 
intrakraniellen Verletzungen) und für Jungen die häufigste. Bei Erwachsenen ist das 
Abhängigkeitssyndrom (F10.2) die häufigste Unterkategorie, gefolgt von der 
Alkoholvergiftung (F10.0, akute Intoxikation) und dem Entzugssyndrom (F10.3). Bei 
Adoleszenten kommt eine Alkoholabhängigkeit eher selten vor (Holly et al., 1997). 
Dementsprechend gehören bei den 15-19-Jährigen beinahe alle F10 Diagnosen (94%) 
zur Untergruppe „Alkoholvergiftung“ (F10.0) und es sind häufiger Jungen (61%) als 
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Mädchen betroffen (Statistisches Bundesamt, 2018a). Im Jahr 2012 waren 2% aller 
Todesfälle auf den Konsum von Alkohol zurückzuführen, etwa die Hälfte davon auf 
Erkrankungen des Verdauungssystems, gefolgt von den F10 Diagnosen im ICD-10, 
Krebserkrankungen und Unfällen (Schaller et al., 2017). Dabei erlagen etwa dreimal so 
viele Männer wie Frauen alkoholbedingten Erkrankungen (Schaller et al., 2017). Bei den 
15-19-Jährigen gab es im Jahr 2015 laut Krankenhausstatistik nur vier Sterbefälle durch 
alkoholbedingte Krankheiten (Statistisches Bundesamt, 2018b). Dies lässt sich dadurch 
erklären, dass derartige Krankheiten erst nach langjährigem Konsum auftreten. In der 
Adoleszenz sind Todesfälle allgemein eher auf Verletzungen, z.B. durch Unfälle, 
zurückzuführen (Marthaler, 2013). So starben in Deutschland 2015 ein Drittel (35%) der 
verstorbenen 15-19-Jährigen infolge eines Unfalls (Statistisches Bundesamt, 2018c). 
Doch obwohl die 18- bis 24-Jährigen mit Abstand das höchste Unfallrisiko im 
Straßenverkehr haben, unterscheidet sich deren Prozentzahl alkoholbedingter Unfälle an 
allen tödlichen Verkehrsunfällen mit 7% nicht von der aller Altersgruppen (Statistisches 
Bundesamt, 2017). 
Der Alkoholkonsum Einzelner schadet auch der Gesellschaft. Insgesamt belaufen sich 
die jährlichen alkoholbedingten Kosten für Produktivitätsverluste, das Gesundheitssystem 
und Sachschäden auf 41 Milliarden Euro in Deutschland (Schaller et al., 2017). Dem 
gegenüber stehen jährliche Steuereinnahmen für Alkohol in Höhe von 3 Milliarden Euro 
(Schaller et al., 2017) sowie Umsätze in Höhe von 12 und 59 Milliarden Euro für die 
Herstellung und den Verkauf von alkoholhaltigen Getränken (Euromonitor, 2018; Rummel 
et al., 2017), die eine Vielzahl von Arbeitsplätzen sichern. Trotz dieser wirtschaftlichen 
Vorteile ist der Alkoholkonsum einer der wichtigsten vermeidbaren Risikofaktoren für 
Morbidität und Mortalität und daher sind effektive Präventionsmaßnahmen bedeutsam 
(Schaller et al., 2017). Solche Maßnahmen zielen darauf ab, den Einstieg in den 
Alkoholkonsum zu verhindern oder zu verzögern und dessen negative Folgen zu 
reduzieren (Schaller et al., 2017). 
 
1.3 Derzeitiger Forschungsstand und Forschungslücken 
Die vorliegende Arbeit umfasst drei Artikel zu den biologischen und psychologischen 
Risikofaktoren für den Alkoholkonsum bei 18-19-Jährigen. Nach Donovan (2004) sind 
Risikofaktoren solche Variablen, die signifikant vorhersagen, ob ein Individuum eine 
Störung oder Krankheit entwickelt. Dadurch können Individuen mit einem erhöhten Risiko 
für alkoholbezogene Störungen identifiziert und gezielte Präventionsmaßnahmen 
entwickelt werden. In einem Review identifizierte Donovan (2004) folgende Risikofaktoren 




Risikofaktoren für den Konsumbeginn bei 11-18-Jährigen nach Donovan (2004) 
Domäne Risikofaktor 
soziodemografische Variablen höheres Alter 
anglo-amerikanische oder indianische Abstammung 
Familie Stiefeltern  
familiärer Konsum psychotroper Substanzen 
elterliche Befürwortung des Substanzkonsums 
permissiver bzw. Laissez-faire Erziehungsstil 
Freunde (Peers) deviante Freunde 
Konsum psychotroper Substanzen durch Freunde 
starke Identifikation mit Freunden 
Akzeptanz des Konsums im Freundeskreis 
persönliche Faktoren unkonventionelle Einstellungen: 
niedrige Religiosität 
Akzeptanz von deviantem Verhalten 
weniger Leistungsmotivation 






Erwartung positiver Alkoholeffekte 





* Sensation Seeking = mehrdimensionales Persönlichkeitsmerkmal, das die Tendenz 
beschreibt, abwechslungsreiche, komplexe, neue und intensive Erfahrungen zu machen 
(Zuckerman, 2010)  
 
Für die Risikofaktoren in Tabelle 1 wurden keine oder nur geringfügige 
Geschlechtsunterschiede festgestellt (Donovan, 2004). In einem Review zu den 
Prädiktoren für den Alkoholkonsum bei 18-19-jährigen Collegeanfängern wurden ähnliche 
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Risikofaktoren ermittelt (Borsari et al., 2007). Auch hier waren eine anglo-amerikanische 
Abstammung, weniger elterliche Einflussnahme, die Überschätzung der Quantität und 
Akzeptanz des Alkoholkonsums bei den Freunden, eine niedrige Religiosität, ein höheres 
Maß an Sensation Seeking und die Erwartung positiver Alkoholeffekte mit höherem 
Alkoholkonsum assoziiert. Überdies gab es folgende Risikofaktoren: männliches 
Geschlecht, stärkeres früheres Trinkverhalten, Alkoholkonsum als Bewältigungsstrategie, 
ein Bedürfnis nach sozialer Anerkennung als Trinkmotiv, die Mitgliedschaft in einer 
Studentenverbindung und die Partizipation bei Trinkspielen. Das individuelle Risiko für 
eine alkoholbedingte Störung wird demnach multifaktoriell bestimmt und hängt von 
biologischen, psychologischen, behavioralen und situativen Variablen ab. 
Ein intensiv erforschter biologischer Risikofaktor ist das männliche Geschlecht. Dass 
Frauen weniger Alkohol trinken als Männer, wird üblicherweise durch eine höhere 
Bioverfügbarkeit des Alkohols im weiblichen Körper erklärt, die aufgrund des niedrigeren 
Gewichts und Wassergehalts besteht und bei gleichen Konsummengen zu höheren 
Blutalkoholspiegeln führt (Cederbaum, 2012; Erol und Karpyak, 2015). Dennoch deuten 
bisherige Befunde darauf hin, dass Frauen vielleicht nicht nur weniger Alkohol vertragen, 
sondern auch niedrigere Blutalkoholspiegel bevorzugen als Männer, sowohl in 
Experimenten mit oraler als auch mit intravenöser Alkoholselbstverabreichung (Drobes et 
al., 2003; Hendershot et al., 2016). Diese Hypothese wurde allerdings noch nicht 
getestet. Überdies lieferte die Forschung zu Geschlechtsunterschieden beim 
Alkoholkonsum inkonsistente Befunde und es wurden häufig zu wenig oder nur 
erwachsene Probanden untersucht (Erol und Karpyak, 2015). 
Neben dem männlichen Geschlecht, gibt es noch einen weiteren bekannten biologischen 
Risikofaktor für den Alkoholkonsum: Die positive Familienanamnese für eine 
Alkoholabhängigkeit. Der zufolge sind Kinder von alkoholabhängigen Elternteilen stärker 
gefährdet, selbst eine Alkoholabhängigkeit zu entwickeln, als Kinder mit einer negativen 
Familienanamnese (Cotton, 1979; Saraceno et al., 2009; Schuckit und Smith, 1996). 
Zwillingsstudien ergaben, dass etwa 50% des Alkoholstörungsrisikos vererbt wird 
(Schuckit, 2009; Zimmermann et al., 2007). Als genetisch beeinflusste zugrundeliegende 
Faktoren gelten das Fehlen einer Alkoholunverträglichkeitsreaktion, erhöhte Impulsivität 
und Sensation Seeking, externalisierende und internalisierende psychiatrische 
Symptome, sowie eine niedrige Sensitivität gegenüber Alkoholeffekten inklusive einer 
schwächeren Ausschüttung von ACTH (Adrenocorticotropin) nach Einnahme hoher 
Alkoholdosen (Quinn und Fromme, 2011; Schuckit, 2009; Schuckit et al., 1988; Schuckit 
et al., 2010). Diese Risikofaktoren für Alkoholstörungen treten allerdings nicht immer 
gemeinsam auf und begünstigen Alkoholprobleme auch unabhängig von einer positiven 
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Familienanamnese (Schuckit, 2009). Überdies führt ein bestimmter Genotyp nicht direkt 
zu einem bestimmten Phänotyp (Morean und Corbin, 2010), unter anderem aufgrund 
vielfältiger Gen-Umwelt-Interaktionen (Schuckit, 2009; Zimmermann et al., 2007). 
Externale Risikofaktoren sind beispielsweise problematische Verhältnisse im Elternhaus, 
wie Desorganisation, Misshandlung, Vernachlässigung oder Armut (Lieberman, 2000). 
Solche Umweltfaktoren führen bereits bei Kindern zu Stress, auf den diese genetisch 
bedingt empfindlich mit Verhalten reagieren können, welches den externalen Stress noch 
weiter erhöht und das Risiko für eine spätere Alkoholstörung steigert (Zimmermann et al., 
2007). Zusammenfassend lässt sich sagen, dass die positive Familienanamnese eine 
Vielzahl von Endophänotypen beschreibt, die in Interaktion mit der Umwelt das 
individuelle Risiko für eine Alkoholstörung bedingen. Trotz der vielen Studien zu diesem 
Konstrukt, gab es bisher keine Experimente mit Adoleszenten, bei denen der Einfluss der 
Familienanamnese auf die Alkoholselbstverabreichung untersucht wurde. 
Ein psychologischer Risikofaktor für den Alkoholkonsum 18-19-Jähriger ist das explizite 
Trinkmotiv, mit Anderen in Kontakt zu treten (Borsari et al., 2007). Duale Prozessmodelle 
postulieren, dass der Konsum von Alkohol nicht nur durch explizite, sondern auch durch 
implizite Motive gesteuert wird (Ostafin et al., 2008; Stacy und Wiers, 2010). Während 
explizite Motive auf langsamen, überlegten und kontrollierbaren Prozessen basieren, 
beruhen implizite Motive auf schnellen, unwillkürlichen, affektiven und automatischen 
Prozessen (Bargh, 1994). Ein Beispiel für solche automatischen Prozesse sind 
Pawlowsche Reize mit den Annäherungs- oder Vermeidungstendenzen, die sie auslösen. 
Solche Reize entstehen durch das wiederholte gemeinsame Auftreten eines Reizes 
zusammen mit Belohnungen oder Bestrafungen (Bradizza et al., 1994; Daw und 
O’Doherty, 2014). Auf diese Weise kann beispielsweise eine Bierflasche zu einem 
Pawlowschen Alkoholreiz werden, der angenehme oder unangenehme Alkoholeffekte 
vorhersagt. Explizite und implizite Motive können miteinander einhergehen oder sich 
widersprechen. In letzterem Fall könnte der explizite Wunsch abstinent zu bleiben von 
impliziten affektiven Reaktionen zu Pawlowschen Alkoholreizen überdeckt werden und zu 
scheinbar paradoxem Trinkverhalten führen (Stacy und Wiers, 2010; Watson et al., 
2012). Eine spannende Frage ist, inwieweit explizite und implizite Trinkmotive mit 
jugendlichen Trinkproblemen assoziiert sind und inwiefern beide Konstrukte durch eine 
akute Alkoholgabe beeinflusst werden. Bisherige Studien, die Alkoholeffekte auf explizite 
und implizite motivationale Prozessen untersucht haben, lieferten inkonsistente 
Ergebnisse (Jünger et al., 2017). 
Alkoholmissbrauch und -abhängigkeit scheinen stark durch implizite Prozesse gesteuert 
zu sein, da diese Störungen durch wiederkehrende, inflexible und habituelle 
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Verhaltensmuster gekennzeichnet sind, wie dem Kontrollverlust während des 
Substanzkonsums (Koob und Volkow, 2010). Dies deutet auf Störungen der allgemeinen 
Lern- und Entscheidungsprozesse hin. Tatsächlich wurde an Tieren und Menschen 
gezeigt, dass die Alkoholzufuhr zu einer Verringerung des zielgerichteten Verhaltens 
führt, bei gleichzeitiger Zunahme von habituellem Verhalten (Gan et al., 2014; George et 
al., 2005; Guillot et al., 2010; Hogarth et al., 2012; Hopf et al., 2010; Korucuoglu et al., 
2017). Allerdings ist unklar, ob die Alkoholgabe habituelles Verhalten tatsächlich fördert 
oder einfach nur zielgerichtetes Verhalten stört und inwiefern diese Alkoholeffekte mit 
jugendlichen Trinkproblemen assoziiert sind. 
Die meisten Studien mit Alkoholselbstverabreichung oder placebokontrollierter 
Alkoholgabe wurden mit standardisierten Getränken durchgeführt, die von den 
Probanden oral konsumiert wurden (Zimmermann et al., 2013). Diese Methode gleicht 
zwar dem natürlichen Trinkverhalten, hat jedoch gegenüber intravenöser Alkoholgabe 
zwei Nachteile: Einerseits muss der Alkohol den Verdauungstrakt passieren, was durch 
individuelle pharmakokinetische Unterschiede zu einer hohen Varianz der Höhe und des 
zeitlichen Verlaufs der resultierenden Blutalkoholspiegel führt (Ramchandani et al., 2009). 
Andererseits können typische Alkoholreize, wie Geruch, Geschmack oder spezielle 
Markennamen konditionierte Reaktionen und Erwartungseffekte auslösen. Diese 
Probleme umgehen Experimente mit intravenöser Selbstverabreichung, die Methode 
wurde aber noch nicht bei Spätadoleszenten angewendet. 
 
1.4. Ziele der vorliegenden Arbeit 
Gezielte Präventionsmaßnahmen für Jugendliche mit einem hohen Risiko für 
alkoholbezogene Störungen sind wichtig, allerdings sind die dazu erforderlichen 
Kenntnisse über prädisponierende Faktoren begrenzt. Deshalb haben wir zwei Studien 
durchgeführt, um biologische und psychologische Risikofaktoren für das jugendliche 
Trinkverhalten zu untersuchen. In beiden Studien wurde das CAIS (Computer-assisted 
Alcohol Infusion System; O'Connor et al., 1998; Plawecki et al., 2012; Ramchandani et 
al., 1999; Zimmermann et al., 2008) erstmals bei 18-19-Jährigen angewendet, was im 
Vergleich zur oralen Alkoholgabe eine genauere Kontrolle über die Blutalkoholspiegel 
und deren zeitlichen Verlauf ermöglicht. In der ersten Studie konnten sich die 
Jugendlichen den Alkohol selbst per Knopfdruck verabreichen, während in der zweiten 





Studie 1: Dresden Longitudinal study on Alcohol use in Young Adults (D-
LAYA) 
Studie 1 war ein Selbstverabreichungsexperiment mit 18-19-jährigen Männern und 
Frauen, in dem das Trinkverhalten von 95 Adoleszenten erfasst und über drei Jahre 
hinweg beobachtet wurde. Begleitend zum Alkoholselbstverabreichungsverhalten mittels 
CAIS (siehe Abbildung 1), wurden das subjektiv empfundene Alkoholverlangen, das 
generelle Wohlbefinden sowie positive und negative Alkoholeffekte erfasst. 
 
 
Während der Alkoholselbstverabreichung hatten die Jugendlichen die Aufgabe, ihren 
individuellen Wohlfühlpegel zu erreichen. Mit den Daten von 82 Probanden (47 Männer, 
35 Frauen) aus der ersten Erhebungswelle entstand Artikel 1(Jünger et al., 2016). 
Sind die biologischen Risikofaktoren männliches Geschlecht und positive 
Familienanamnese für Alkoholabhängigkeit Risikofaktoren für die 
Alkoholselbstverarbreichung von 18-19-Jährigen? 
 
Studie 2: Acute effects of alcohol on learning and habitization 
Das Hauptziel der zweiten Studie war es, Lern- und Entscheidungsprozesse als 
Risikofaktoren für problematischen Alkoholkonsum zu untersuchen. Da wir in Studie 1 
zeigen konnten, dass junge Männer ein höheres Risiko tragen eine Alkoholstörung zu 
entwickeln als junge Frauen, untersuchten wir in Studie 2 nur noch 18-19-jährige Männer. 
An zwei Tagen bearbeiteten 54 junge Männer verschiedene Lernaufgaben, einmal 
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während einer Alkoholinfusion (0.8 ‰) und ein weiteres Mal während einer 
Placeboinfusion (siehe Abbildung 2). Daneben erfassten wir subjektiv empfundenes 
Alkoholverlangen, Durst, generelles Wohlbefinden sowie positive und negative 
Alkoholeffekte. Des Weiteren erhoben wir das im vergangenen Jahr stattgefundene 
problematische Trinkverhalten mit dem AUDIT (Alcohol Use Disorders Identification Test, 




In Artikel 2 (Jünger et al., 2017) untersuchten wir bei 51 Probanden Alkoholeffekte auf 
explizite und implizite Motive Alkohol zu konsumieren sowie deren Zusammenhang mit 
selbstberichteten Trinkproblemen im AUDIT. Explizite Trinkmotive wurden hier einerseits 
über den selbstberichteten aktuellen Wunsch erfasst, Alkohol zu trinken, andererseits 
über Angaben zum generellen Durst (auf nichtalkoholische Getränke), das allgemeine 
Wohlbefinden sowie stimulierende, sedierende und negative Alkoholeffekte. Implizite 
Trinkmotive wurden über zwei Paradigmen gemessen. In der Pc (Pavlovian conditioning) 
Aufgabe (modifizierte Version des PIT (Pavlovian-to-Instrumental Transfer) aus 
Garbusow et al., 2014) wurde gezählt, wie häufig die Probanden Pawlowsche 
Alkoholreize wählten. Diese Pawlowschen Reize entstanden dadurch, dass ein 
bestimmtes farbiges Muster wiederholt zusammen mit Bildern von alkoholischen 
Getränken präsentiert wurde, bis dieses Muster ein konditionierter Alkoholstimulus war. 
Daneben wurde die Annäherungstendenz an Alkoholbilder mit dem AAT (Approach 
Avoidance Task; Wiers et al., 2013; Wiers et al., 2009) gemessen. In dieser Aufgabe 
mussten die Probanden Alkoholbilder und andere Bilder so schnell wie möglich mit einem 
Joystick zu sich heranziehen oder wegdrücken, je nachdem ob sie im Hoch- oder 








Inwiefern werden verschiedene explizite und implizite Trinkmotive durch die Alkohol- und 
Placeboinfusion beeinflusst und stehen diese Maße, als potentielle Risikofaktoren, im 
Zusammenhang mit jugendlichen Trinkproblemen? 
  
In Artikel 3 (Obst et al., 2018) wurden bei 53 Probanden Alkoholeffekte auf zielgerichtetes 
und habituelles Verhalten untersucht, in Abhängigkeit von den selbstberichteten 
Trinkproblemen der Spätadoleszenten. Im Gegensatz zu früheren Studien mit 
Paradigmen in denen sich die Belohnungswahrscheinlichkeiten abrupt ändern, wurde in 
Studie 2 die 2-step Aufgabe verwendet, in der sich die Belohnungswahrscheinlichkeiten 
einzelner Stimuli graduell ändern (Daw et al., 2011). Außerdem ermöglichte diese 
Aufgabe die gleichzeitige Messung von habituellem und zielgerichtetem Verhalten.  
 
Inwiefern beeinflusst die Alkoholgabe habituelles und zielgerichtetes Verhalten und sind 
die Alkoholeffekte auf das Entscheidungsverhalten, als potentielle Risikofaktoren, mit 
jugendlichen Trinkproblemen assoziiert? 
 
2. Zusammenfassung der Ergebnisse 
In Artikel 1 wurde das männliche Geschlecht als biologischer Risikofaktor für den 
jugendlichen Alkoholkonsum bestätigt. Junge Frauen verabreichten sich signifikant 
niedrigere Blutalkoholspiegel als Männer. Gleichzeitig berichteten sie über das gleiche 
Wohlbefinden, das gleiche Alkoholverlangen und gleich starke negative Alkoholeffekte 
wie Männer, gaben aber auch signifikant stärkere sedierende Alkoholeffekte und 
schwächere stimulierende Alkoholeffekte an. Eine positive Familienanamnese für 
Alkoholabhängigkeit konnte als Risikofaktor nicht bestätigt werden. Es gab keinen 
signifikanten Unterschied in der Höhe des Blutalkoholspiegels zwischen Jugendlichen mit 
einer positiven Familienanamnese und solchen ohne alkoholabhängige Verwandte ersten 
oder zweiten Grades.  
Artikel 2 ergab, dass die Alkoholgabe sämtliche expliziten Trinkmotive signifikant erhöhte, 
nämlich das selbstberichtete Alkoholverlangen, den generellen Durst, das allgemeine 
Wohlbefinden und die stimulierenden Effekte. Gleichzeitig wurde eine alkoholbedingte 
Reduktion der impliziten Trinkmotive beobachtet. Während der Alkoholinfusion wählten 
junge Männer signifikant weniger Pawlowsche Alkoholreize in der Pc Aufgabe als 
während der Placeboinfusion. Allerdings gab es keinen signifikanten Alkoholeffekt auf die 
Annährungstendenzen an Alkoholbilder im AAT. Bezüglich der Zusammenhänge mit 
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jugendlichen Trinkproblemen war ein höheres selbstberichtetes Alkoholverlangen in 
beiden Infusionsbedingungen mit signifikant höheren Werten im AUDIT assoziiert. Die 
Zahl der selbstberichteten Trinkprobleme stieg auch signifikant mit der Häufigkeit der 
gewählten Pawlowschen Alkoholreize in der Pc Aufgabe während der Alkoholinfusion.  
Schließlich stellte sich in Artikel 3 heraus, dass die Alkoholgabe das habituelle Verhalten 
der jungen Männer signifikant reduzierte. Die Alkoholeffekte auf das zielgerichtete 
Verhalten waren dagegen abhängig von den selbstberichteten Trinkproblemen. Mit einer 
steigenden Zahl von Trinkproblemen im AUDIT war das zielgerichtete Verhalten durch 
die Alkoholinfusion nicht nur weniger stark beeinträchtigt, es verbesserte sich sogar. 
 
3. Diskussion 
Der Befund, dass Frauen weniger Alkohol konsumieren als Männer, wurde bisher 
hauptsächlich damit erklärt, dass Frauen schon bei geringeren Alkoholmengen höhere 
Blutalkoholspiegel erreichen als Männer (Cederbaum, 2012). Solche Unterschiede 
wurden allerdings, mittels der hier verwendeten Methode der intravenösen 
Alkoholselbstverabreichung, nivelliert. Studie 1 zeigt demnach, dass junge Frauen nicht 
nur weniger Alkohol vertragen, sondern auch niedrigere Blutalkoholspiegel anstreben. 
Dies kann bedeuten, dass Frauen schon bei niedrigeren Blutalkoholspiegeln gleich starke 
oder stärkere Alkoholeffekte spüren als Männer. Im Einklang mit diesem 
Erklärungsansatz fühlten junge Frauen sich schon bei niedrigeren Blutalkoholspiegeln 
stärker sediert und berichteten über gleich starke negative Alkoholeffekte. Auch die Daten 
von Marxen et al. (2014) legen nahe, dass gleiche Blutalkoholspiegel bei jungen Frauen 
zu stärkeren physiologischen Effekten führen. Bei 48 der hier untersuchten Probanden 
induzierten die Autoren mittels Infusion konstante Blutalkoholspiegel von 0.6‰. Im 
Vergleich zur Placebobedingung kam es bei jungen Frauen zu einem stärkeren 
alkoholinduzierten Anstieg der Hirndurchblutung als bei Männern. Darüber hinaus fanden 
Mick et al. (2015) bei 16-17-jährigen Patienten, die aufgrund von Rauschtrinken im 
Krankenhaus behandelt wurden, dass die relativen alkoholbedingten Beeinträchtigungen 
bei jungen Frauen größer waren als bei Männern. Da sich junge Frauen in der hier 
berichteten Studie weniger stimuliert fühlten als Männer, analog zu ihren niedrigeren 
Blutalkoholspiegeln, könnte eine erhöhte Sensitivität speziell gegenüber unangenehmen 
Alkoholeffekten ein Schutzfaktor für deren Alkoholkonsum sein. Demzufolge könnte die 
Unempfindlichkeit der Männer gegenüber unangenehmen Alkoholeffekten ein 
Risikofaktor für deren Alkoholkonsum sein. Tatsächlich ist eine niedrigere Sensitivität 
gegenüber Alkoholeffekten ein genetisch bedingter Risikofaktor für Alkoholstörungen, 
auch unabhängig von der Familienanmnese (Quinn und Fromme, 2011; Schuckit, 2009; 
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Schuckit et al., 2010). Außerdem postulierten Newlin und Thomson (1990), dass speziell 
die Unempfindlichkeit gegenüber negativen, sedierenden Alkoholeffekten in der 
Abbauphase des Alkohols, gepaart mit einer erhöhten Sensitivität gegenüber positiven, 
stimulierenden Alkoholeffekten in der anfänglichen Phase des aufsteigenden 
Blutalkoholspiegels, genetisch bedingt ist. Eine Metaanalyse ergab allerdings, dass 
dieses „Differentiator Model“ vor allem zwischen Viel- und Wenigtrinkern differenziert und 
damit auch eine Folge längerfristigen Alkoholkonsums sein könnte (Quinn und Fromme, 
2011). 
Eine alternative Erklärung ist, dass sich Frauen absichtlich niedrige Blutalkoholspiegel 
verabreicht haben, weil sie hohe Konsummengen als unangemessen bewerteten. In 
diesem Zusammenhang berichteten DeVisser und McDonnell (2012) über 
geschlechtsspezifische Doppelstandardstandards bei 18-25-jährigen Studenten. Die 
Studenten und Studentinnen bewerteten exzessiven Alkoholkonsum als typisch 
maskulines Verhalten, wie z.B. Risikobereitschaft und Aggression. Die Einstellung, dass 
Frauen weniger Alkohol trinken sollten, wurde über typisch feminine Sorgen rationalisiert, 
wie beispielsweise, dass betrunkene Frauen unattraktiv wirken oder leichter in 
ungewollten Geschlechtsverkehr geraten könnten. Solche Überlegungen bleiben 
allerdings rein spekulativ, da geschlechtsspezifische Einstellungen zum Trinken nicht 
erfasst wurden. 
In der vorliegenden Stichprobe konnte die positive Familienanamnese als Risikofaktor 
nicht bestätigt werden, was zwar einer Reihe von Studien mit Erwachsenen widerspricht 
(Schuckit, 2009; Zimmermann et al., 2009), aber im Einklang mit Befunden aus jüngeren 
Stichproben ist (MacDonald et al., 1991; Müller et al., 2015). Deshalb könnte die 
Familienanamnese erst in einem höheren Alter bedeutsam werden, worauf auch die 
Daten von Rose et al. (2001) hindeuten. Unsere Probanden waren zudem sehr gebildet 
(78% hatten Abitur) und psychisch gesund (psychische Störungen waren ein 
Ausschlusskriterium). Diese Schutzfaktoren könnten das genetische Risiko reduziert 
haben (Lieberman, 2000). Außerdem gibt es mehrere Risikogene für den Alkoholkonsum, 
die häufig für sich genommen nur kleine Effektstärken haben (Heath et al., 2011) und es 
ist unklar, welche in unserer Stichprobe vorlagen. Im Rahmen des Artikels von Juraeva et 
al. (2015) wurden unsere Probanden für das XCRCC5 Risikogen genotypisiert, welches 
tatsächlich mit erhöhtem Selbstverabreichungsverhalten assoziiert war. Allerdings 
unterschieden sich beide Familienanamnesegruppen nicht in der Ausprägung dieses 
Gens. In Studie 1 war demnach nur das männliche Geschlecht ein bedeutsamer 
biologischer Risikofaktor für die jugendliche Alkoholselbstverabreichung im Labor, 
weshalb in Studie 2 nur noch junge Männer untersucht wurden. 
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In Studie 2 waren selbstberichtete Trinkprobleme sowohl mit explizitem Alkoholverlangen 
in beiden Infusionsbedingungen, als auch mit implizitem Annäherungsverhalten an 
Alkoholreize während der Alkoholinfusion positiv assoziiert. Bezüglich der expliziten 
Trinkmotive sind unsere Ergebnisse erwartungsgemäß, denn bei Vieltrinkern wurde 
bereits gezeigt, dass das selbstberichtete Alkoholverlangen den späteren Alkoholkonsum 
vorhersagt (Fazzino et al., 2013), genau wie die alkoholinduzierte Steigerung dieses 
Verlangens (King et al., 2011). Nichtsdestoweniger wurden diese Zusammenhänge in 
Studie 2 erstmals in einer so jungen Stichprobe gefunden und deshalb könnte ein hohes 
Alkoholverlangen ein weiterer Risikofaktor für den jugendlichen Alkoholkonsum sein. 
Bezüglich der impliziten Trinkmotive waren die Studienergebnisse gänzlich neu. Statt 
junge Männer mit mehr Trinkproblemen zu sättigen, schien die Alkoholgabe deren 
positive Bewertung von Pawlowschen Alkoholreizen weiter zu steigern. Damit ist eine 
positivere Bewertung von Pawlowschen Alkoholreizen im betrunkenen Zustand ein 
potentieller Risikofaktor für das Trinkverhalten in der Spätadoleszenz. Außerhalb des 
Labors kommen Pawlowsche Alkoholreize in typischen Trinkumgebungen häufig vor, 
beispielsweise in Form von Bierflaschen, Schnapsgläsern, Logos namhafter Hersteller 
von Alkoholika oder lauter Tanzmusik. Derartige Reize könnten demnach für junge 
Männer mit mehr Trinkproblemen besonders verlockend sein und sie zu stärkerem 
Alkoholkonsum verleiten, als Männer mit weniger Trinkproblemen. 
Artikel 3 zeigte, dass sich die zielgerichteten Entscheidungen von jungen Männern mit 
mehr Trinkproblemen während der Alkoholinfusion verbesserten, während sie sich bei 
Jugendlichen mit weniger Trinkproblemen verschlechterten. Die alkoholbedingte 
Leistungsverbesserung konnte nicht durch eine niedrigere Sensitivität gegenüber den 
Effekten von Alkohol (Gilpin und Koob, 2008) erklärt werden. Zwar war eine höhere Zahl 
von Trinkproblemen mit einem früheren Trinkbeginn sowie einer höheren Frequenz und 
Menge des Alkoholkonsums außerhalb des Labors assoziiert, dennoch unterschieden 
sich die jungen Männer mit mehr im Vergleich zu weniger Trinkproblemen nicht in den 
subjektiven Alkoholeffekten. Damit kann ein erhöhtes Level an stimulierenden 
Alkoholeffekten (King et al., 2016) die alkoholbedingte Leistungsverbesserung bei 
Problemtrinkern auch nicht erklären. Weitere Analysen ergaben, dass die alkoholbedingte 
Leistungsverbesserung größer war, wenn der Alkohol am ersten statt am zweiten Tag 
infundiert wurde. Dies legt die Vermutung nahe, dass der Alkohol als negativer Verstärker 
fungiert haben könnte, der unangenehme Zustände im Zusammenhang mit der 2-step 
Aufgabe neutralisiert hat. Da einige junge Männer die Aufgabe als „langweilig“ und 
„ermüdend“ kommentierten, ist davon auszugehen, dass sich dieser Eindruck von Tag zu 
Tag verstärkte. Diese jungen Männer könnten am zweiten Tag am stärksten unter der 
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Aufgabe gelitten haben, wenn an diesem Tag Placebo infundiert wurde, weshalb ihr 
zielgerichtetes Verhalten am ersten Tag, während der Alkoholgabe, als vergleichsweise 
gut hervorstach. Da die Zahl der Trinkprobleme positiv mit der subjektiv empfundenen 
Sedierung während der Placeboinfusion korrelierte, könnten die jungen Männer mit mehr 
Trinkproblemen die 2-step Aufgabe tatsächlich als besonders langweilig empfunden 
haben. Im Einklang mit diesem Erklärungsansatz belegen Studien, dass eine Anfälligkeit 
für Langeweile und die Erwartung, durch Alkohol der Langeweile zu entfliehen, wichtige 
Risikofaktoren für den jugendlichen Alkoholkonsum sind (Biolcati et al., 2016; Peltzer et 
al., 2012). Darüber hinaus wurde bereits gezeigt, dass Alkohol in niedrigen und 
moderaten Dosen leistungssteigernd wirken kann, indem er Stress reduziert, die 
Stimmung aufhellt und sogar die kognitive Leistungsfähigkeit verbessert (Baum-Baicker, 
1985; Müller und Schumann, 2011). Ein neuronaler Erklärungsansatz wäre, dass die 
jungen Männer mit mehr Trinkproblemen verstärkt von GABA-ergen Alkoholeffekten 
profitiert haben. So konnten Beas et al. (2016) zeigen, dass die Stimulation von 
GABA(B)-Rezeptoren die Leistung von Ratten in einem Aufgabenwechselparadigma 
verbessert und solche basalen kognitiven Fähigkeiten begünstigen zielgerichtetes 
Verhalten beim Menschen (Schad et al., 2014). Da jedoch in dieser Arbeit weder 
subjektive Langeweile noch neuronale Maße erfasst wurden, müssen diese 
Erklärungsansätze in anderen Studien getestet werden. Dennoch könnte eine 
alkoholbedingte Leistungsverbesserung ein Risikofaktor für den jugendlichen 
Alkoholkonsum sein, da eine solche Verbesserung als positives Feedback fungieren 
kann, welches die Wahrscheinlichkeit für einen erneuten Alkoholkonsum erhöht. 
 
3.1 Stärken und Limitationen 
In zwei Studien wurde das CAIS erstmals bei 18-19-jährigen Probanden angewendet. 
Das junge Alter der hier untersuchten Stichproben hatte den Vorteil, dass die 
Alkoholeffekte relativ unverfälscht untersucht werden konnten, da die Adoleszenten durch 
ihre kurze Trinkgeschichte weniger alkoholbedingte neuropsychologische Veränderungen 
aufwiesen als ältere Probanden. Um die Selektivität der Stichproben möglichst gering zu 
halten, wurden die Probanden nicht über Werbung rekrutiert, sondern persönlich 
angeschrieben, mithilfe der Angaben des örtlichen Meldeamts.  
Die intravenöse Alkoholgabe mittels CAIS hatte im Vergleich zur klassischen oralen 
Verabreichung vor allem zwei Vorteile (O'Connor et al., 1998; Zimmermann et al., 2013): 
Erstens konnten die vorgegebenen Blutalkoholspiegel präzise realisiert werden, da 
interindividuelle pharmakokinetische Unterschiede im Verdauungstrakt umgangen 
wurden. So erhöhte jeder Knopfdruck in Studie 1 den Blutalkoholspiegel jedes Probanden 
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um genau 0.075‰ innerhalb von 2.5 Minuten und in Studie 2 erreichte jeder Proband 0.8 
‰ nach genau 25 Minuten. Zweitens konnten konditionierte Reaktionen und 
Erwartungseffekte minimiert werden, da situative Reize, wie Alkoholgeruch oder 
Markennamen, weitestgehend ausgeschaltet wurden. Dadurch ermöglichte das CAIS die 
Untersuchung von relativ unverfälschten pharmakologischen Alkoholeffekten. 
Dennoch bleiben einige Forschungsfragen offen. So ist beispielsweise unklar, ob sich die 
hier gezeigten Effekte in anderen Stichproben mit weniger gut gebildeten Probanden oder 
aus nicht-europäischen Kulturkreisen replizieren lassen. Überdies könnten die 
gefundenen Effekte altersspezifisch sein, denn obwohl die Adoleszenz laut WHO mit 19 
Jahren endet, ist die Gehirnreifung erst mit etwa 25 Jahren abgeschlossen, also ein Jahr 
nach dem Ende des Jugendalters, laut UN (United Nations) Definition (Arain et al., 2013; 
Sawyer et al., 2012). Des Weiteren könnten die Effekte von 0.8 ‰ unterschiedlich 
ausfallen, je nachdem ob sie bei steigendem, konstantem oder fallendem 
Blutalkoholspiegel gemessen werden. Daher wären weitere Studien mit ähnlichem 
Design und variablen Blutalkoholspiegeln nützlich. Auch die Dosisabhängigkeit der 
Effekte in Studie 2 könnte in zukünftigen Studien untersucht werden.  
Studie 2 wies überdies einige methodische Probleme auf, wie die festgelegte Reihenfolge 
der Aufgaben. So könnte es sein, dass die Probanden im Laufe des Experiments akute 
Toleranz gegenüber der Alkoholexposition entwickelt haben und deshalb die Effekte in 
den später bearbeiteten Aufgaben, wie dem AAT, geringer waren. In diesem 
Zusammenhang konnten Morzorati et al. (2002) zeigen, dass Probanden bei einem 
konstanten Level von 0.6‰ nach einiger Zeit akute Toleranz gegenüber stimulierenden 
Alkoholeffekten entwickelten, während sie sensitiver für sedierende Effekte wurden. 
Daneben kritisierten Kool et al. (2017), dass zielgerichtetes Verhalten in der 2-step 
Aufgabe nicht zu höheren Gewinnen führt und die Probanden deshalb wenig motiviert 
sind, diese aufwendige Strategie überhaupt anzuwenden. Dies könnte die hier 
berichteten Alkoholeffekte auf das Entscheidungsverhalten geschwächt haben. Ein 
weiteres methodisches Problem ergibt sich aus den zwei Messungen des AUDITs in 
Studie 2. Diese fanden am Ende jeder Sitzung noch während der Infusion statt und 
unterschieden sich nicht signifikant zwischen den Infusionsbedingungen (Kuitunen-Paul 
et al., 2018). Für Artikel 2 wurde die Messung vom zweiten Infusionstag und für Artikel 3 
der Mittelwert aus beiden Tagen verwendet, wobei sich die Ergebnisse nicht 
unterschieden, je nachdem welcher dieser AUDIT-Werte verwendet wurde. Allerdings 
kann so die Kausalitätsfrage nicht geklärt werden, denn die Trinkprobleme im AUDIT und 
die psychologischen Risikofaktoren wurden gleichzeitig gemessen. Daher könnten die 
Besonderheiten in der Trinkmotivation und des Entscheidungsverhaltens zu den 
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Trinkproblemen geführt haben. Es ist aber auch möglich, dass die im AUDIT retrospektiv 
erfassten Trinkprobleme des letzten Jahres zu den Veränderungen in unseren anderen 
Maßen geführt haben. In letzterem Fall wären die hier berichteten Alkoholeffekte auf die 
Trinkmotivation sowie das zielgerichtete Verhalten keine Risikofaktoren für den 
jugendlichen Alkoholkonsum, sondern deren Folge. Weitere Analysen oder Studien sind 
daher nötig, um die Vorhersagekraft unserer Maße für das spätere Trinkverhalten der 
Jugendlichen zu untersuchen. 
 
3.2 Schlussfolgerungen 
Die hier berichteten Studien legen nahe, dass es folgende Risikofaktoren für den 
Alkoholkonsum bei 18-19-Jährigen gibt: männliches Geschlecht, starke explizite 
Trinkmotive im nüchternen Zustand, starke explizite und implizite Trinkmotive im 
alkoholisierten Zustand sowie vermehrt zielgerichtetes Verhalten im alkoholisierten 
Zustand bei 0.8 ‰.  
Die Daten aus Studie 1 deuten darauf hin, dass junge Männer, aufgrund einer 
Unempfindlichkeit gegenüber unangenehmen Alkoholeffekten, stärker als Frauen 
gefährdet sein könnten, Alkoholstörungen zu entwickeln. Daher könnten 
Präventionsmaßnahmen gezielt für junge Männer entwickelt werden, die sie über ihre 
Unempfindlichkeit gegenüber unangenehmen Alkoholeffekten aufklären sowie das damit 
verbundene erhöhte Risiko, später alkoholabhängig zu werden. Tatsächlich kann allein 
die eigene Wahrnehmung eines erhöhten Risikos dazu führen, dass die Betroffenen 
weniger Alkohol trinken (Haller und Chassin, 2010). Des Weiteren könnte in solchen 
Präventionsmaßnahmen die Wahrnehmung des exzessiven Alkoholkonsums als typisch 
maskulines Verhalten infrage gestellt werden, indem damit verbundene Schwächen in 
den Fokus gerückt werden, wie beispielsweise der alkoholinduzierte Kontrollverlust, die 
Verlangsamung des Denkens und Handelns (Zoethout et al., 2011), 
Erektionsschwierigkeiten (Abel, 1980; Peugh und Belenko, 2001) oder die Abhängigkeit 
der eigenen Stimmung von der Verfügbarkeit von Alkoholika (Kuntsche et al., 2005). 
Die Ergebnisse bezüglich der Trinkmotivation in Studie 2 sind praktisch und klinisch 
relevant, da sie erstmals eine Bedeutung der expliziten und impliziten Prozesse im 
alkoholisierten Zustand für die Entwicklung und Beibehaltung von Alkoholstörungen 
nahelegen. Die motivationalen Prozesse im alkoholisierten Zustand könnten daher in 
Interventionen gezielt bearbeitet werden. So könnten die Informationsbroschüren, -poster 
und -spots der Bundeszentrale für gesundheitliche Aufklärung (BZgA) im Rahmen der 
Kampagne: „Alkohol- Kenn Dein Limit“ (https://www.kenn-dein-limit.de/) in Bars oder auf 
den Etiketten alkoholischer Getränke effektiver sein als im Einkaufszentrum, im 
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schulischen Umfeld oder im Kino, wo sie üblicherweise präsentiert werden. Im klinischen 
Bereich könnten kognitive Interventionen gegen Craving oder Trainings der 
Annäherungstendenzen an Alkoholbilder (Wiers et al., 2011; Wiers et al., 2015) auch 
effektiv bei Alkoholikern sein, die noch aktiv trinken. Dies ist ein vielversprechender 
Ansatz, denn bisher gibt es nur wenige Therapieansätze für Alkoholiker, die noch nicht 
genügend Motivation entwickelt haben, ihr Verhalten zu ändern. 
Die Ergebnisse von Studie 2 deuten auch darauf hin, dass Alkohol das zielgerichtete 
Verhalten einiger junger Männer verbessert und dies ein Risikofaktor für deren 
Alkoholkonsum sein könnte. Darüber hinaus belegten Studien, dass der Wunsch durch 
Alkohol der Langeweile zu entfliehen ein Risikofaktor für jugendliches Trinkverhalten ist. 
Über die Tatsache, dass Alkohol die Langeweile bei monotonen Aufgaben reduzieren 
und damit kurzfristig die Leistung steigern kann, sollten Jugendliche informiert werden, 
genau wie über die möglichen negativen Folgen einer längerfristigen Anwendung von 
Alkohol zur Leistungssteigerung. Außerdem sollten alternative Möglichkeiten, der 
Langeweile zu entfliehen, ausgearbeitet und gefördert werden, wie beispielsweise 
außerschulische Aktivitäten. 
Schlussendlich liefert die vorliegende Arbeit neue Erkenntnisse zu den Risikofaktoren in 
der Spätadoleszenz. Einerseits scheint das männliche Geschlecht mit einer Präferenz für 
höhere Blutalkoholspiegel einherzugehen, andererseits könnten motivationale Prozesse 
im betrunkenen Zustand, genau wie eine objektiv messbare alkoholbedingte 
Leistungssteigerung, wichtige Faktoren für die Entwicklung von Trinkproblemen sein. 
Inwiefern diese Faktoren das individuelle Risiko für alkoholbedingte Störungen im 






Die Adoleszenz ist eine kritische Periode für die Entwicklung von Alkoholstörungen und 
bezeichnet laut WHO (World Health Organization) die Altersspanne zwischen 10-19 
Jahren (Nixon und McClain, 2010; Sawyer et al., 2012). Am Ende dieses 
Lebensabschnitts, im Alter von 18-19 Jahren, trinken bereits 95% der deutschen Männer 
und 88% der Frauen Alkohol (Orth, 2017). Lebenslang abstinent bleiben nur 3% der 
Bevölkerung (Piontek et al., 2016). Da der Alkoholkonsum einer der wichtigsten 
vermeidbaren Risikofaktoren für Morbidität und Mortalität ist, sind effektive 
Präventionsmaßnahmen bedeutsam (Schaller et al., 2017). Mit dem Ziel die dafür 
erforderlichen Kenntnisse zu erweitern, wurden in der vorliegenden Arbeit biologische 
und psychologische Risikofaktoren für den Alkoholkonsum bei 18-19-Jährigen untersucht. 
Ein biologischer Risikofaktor ist das männliche Geschlecht. Es wurde häufig berichtet, 
dass Frauen weniger Alkohol trinken als Männer (Erol und Karpyak, 2015), was 
üblicherweise durch die höhere Bioverfügbarkeit des Alkohols im weiblichen Körper 
erklärt wird, welche bei gleichen Konsummengen zu höheren Blutalkoholspiegeln führt 
(Cederbaum, 2012; Erol und Karpyak, 2015). Unklar ist allerdings, ob Frauen auch 
niedrigere Blutalkoholspiegel anstreben. Kinder ohne alkoholabhängige Elternteile sind 
ebenfalls weniger gefährdet, selbst eine Alkoholabhängigkeit zu entwickeln, als Kinder 
mit einer positiven Familienanamnese (Schuckit, 2009). Der Einfluss der 
Familienanamnese auf die Alkoholselbstverabreichung bei Adoleszenten wurde 
allerdings noch nicht untersucht.  
Ein psychologischer Risikofaktor für jugendliche Trinkprobleme ist das explizite 
Trinkmotiv, mit Anderen in Kontakt zu treten (Borsari et al., 2007). Daneben beeinflussen 
implizite Motive den Alkoholkonsum (Ostafin et al., 2008), wie automatische Reaktionen 
auf Pawlowsche Alkoholreize (Daw und O’Doherty, 2014). Implizite Motive können 
explizite Motive, wie den Wunsch abstinent zu bleiben, aushebeln (Stacy und Wiers, 
2010; Watson et al., 2012). Fraglich ist jedoch, inwieweit Alkoholeffekte auf solche Motive 
mit jugendlichen Trinkproblemen assoziiert sind. Alkoholmissbrauch und -abhängigkeit 
scheinen jedenfalls stark durch implizite Prozesse gesteuert zu sein, da sie durch 
wiederkehrende habituelle Verhaltensmuster gekennzeichnet sind (Koob und Volkow, 
2010). Früheren Studien zeigten, dass eine Alkoholgabe habituelles Verhalten steigert 
und zielgerichtetes Verhalten verringert (George et al., 2005; Hogarth et al., 2012). Diese 
Studien konnten allerdings nicht klären, ob Alkohol habituelles Verhalten tatsächlich 
fördert oder einfach nur zielgerichtetes Verhalten stört und inwiefern diese Alkoholeffekte 




4.2 Fragestellungen/ Hypothesen 
Angesichts der genannten Forschungslücken, ergaben sich für die vorliegende Arbeit 
folgende Fragestellungen: 
1.) Sind die biologischen Risikofaktoren männliches Geschlecht und positive 
Familienanamnese Risikofaktoren für jugendliche Alkoholselbstverabreichung? 
2.) Inwiefern beeinflusst Alkohol explizite und implizite Trinkmotive und stehen diese 
Maße im Zusammenhang mit jugendlichen Trinkproblemen? 
3.) Inwiefern beeinflusst Alkohol habituelles und zielgerichtetes Verhalten und sind diese 
Alkoholeffekte mit jugendlichen Trinkproblemen assoziiert? 
 
4.3 Material und Methoden 
Die Forschungsfragen wurden in zwei Studien mit 18-19-jährigen Probanden mittels 
CAIS (Computer-assisted Alcohol Infusion System; O'Connor et al., 1998; Plawecki et al., 
2012; Ramchandani et al., 1999) untersucht.  
Studie 1 war die „Dresden Longitudinal study on Alcohol use in Young Adults (DLAYA)“, 
ein Selbstverabreichungsexperiment mit 95 Adoleszenten, die über drei Jahre hinweg 
beobachtet wurden. Artikel 1 präsentiert die Daten von 82 Probanden (47 Männer, 35 
Frauen) aus der ersten Erhebungswelle. Hier hatten die Jugendlichen die Aufgabe, sich 
innerhalb ihres individuellen Wohlfühlpegels den Alkohol per Knopfdruck selbst zu 
verabreichen. Daneben wurden subjektiv empfundene Alkoholeffekte erfasst.  
In Studie 2, „Acute effects of alcohol on learning and habitization“, bearbeiteten 54 junge 
Männer Lernaufgaben während einer Alkoholinfusion (0.8 ‰) und während einer 
Placeboinfusion. In Artikel 2 wurden bei 51 jungen Männern die Alkoholeffekte auf 
folgende explizite Trinkmotive analysiert: aktueller Alkoholkonsumwunsch, genereller 
Durst, allgemeines Wohlbefinden und stimulierende Alkoholeffekte. Daneben wurden 
folgende implizite Trinkmotive erfasst: Häufigkeit der Auswahl Pawlowscher Alkoholreize 
(abstrakte Bilder, die zuvor Alkoholbildern gepaart wurden) in der Pc (Pavlovian 
conditioning) Aufgabe (modifizierte Version des PIT (Pavlovian-to-Instrumental Transfer) 
aus Garbusow et al., 2014) sowie Annäherungstendenz an Alkoholbilder im AAT 
Approach Avoidance Task; Wiers et al., 2013). Schließlich wurden die Zusammenhänge 
dieser Maße mit selbstberichteten Trinkproblemen im AUDIT Alcohol Use Disorders 
Identification Test; Babor et al., 2001) untersucht. 
In Artikel 3 wurden bei 53 jungen Männern die Alkoholeffekte auf zielgerichtetes und 





Junge Frauen induzierten niedrigere Blutalkoholspiegel als Männer. Gleichzeitig 
berichteten sie über stärkere sedierende Alkoholeffekte. Die Familienanamnese hatte 
keinen signifikanten Einfluss auf das Selbstverabreichungsverhalten. 
Im Vergleich zur Placeboinfusion erhöhte die Alkoholinfusion sämtliche expliziten 
Trinkmotive, reduzierte die Zahl der gewählten Pawlowschen Alkoholreize in der Pc 
Aufgabe und hatte keinen signifikanten Effekt auf die Annäherungstendenz an 
Alkoholbilder im AAT. Mehr selbstberichtete Trinkprobleme im AUDIT waren mit einem 
höheren selbstberichteten Alkoholverlangen in beiden Infusionsbedingungen assoziiert 
und mit einer häufigeren Wahl von Pawlowschen Alkoholreizen während der 
Alkoholinfusion, aber nicht der Placeboinfusion. Zudem reduzierte die Alkoholinfusion 
habituelles Verhalten, während die Alkoholeffekte auf das zielgerichtete Verhalten von 
selbstberichteten Trinkproblemen moderiert wurden: Je mehr Trinkprobleme berichtet 
wurden, umso weniger war das zielgerichtete Verhalten durch die Alkoholinfusion 
beeinträchtigt, bis es sich sogar verbesserte. 
 
4.5 Schlussfolgerungen 
Bezüglich der biologischen Risikofaktoren legen unsere Ergebnisse nahe, dass eine 
Unempfindlichkeit 18-19-jähriger Männer gegenüber negativen Alkoholeffekten ein 
Risikofaktor für deren Trinkverhalten sein könnte. Diese Information sollte in speziell für 
junge Männer konzipierten Präventionsmaßnahmen weitergegeben werden, denn allein 
die Wahrnehmung eines erhöhten Risikos kann zu weniger Alkoholkonsum führen (Haller 
und Chassin, 2010).  
Bezüglich der psychologischen Risikofaktoren waren hohes Alkoholverlangen sowie eine 
häufigere Auswahl von abstrakten Pawlowschen Alkoholreizen im alkoholisierten Zustand 
mit jugendlichen Trinkproblemen assoziiert. Diese Ergebnisse unterstreichen eine 
Bedeutung der motivationalen Prozesse im alkoholisierten Zustand für die Entwicklung 
von Alkoholstörungen. Demzufolge wären Aufklärungskampagnen, wie „Alkohol- Kenn 
Dein Limit“ (https://www.kenn-dein-limit.de/) in Bars oder auf Etiketten von Alkoholika 
effektiver als im Einkaufszentrum oder Kino. Im klinischen Bereich könnten kognitive 
Interventionen zum Craving oder Trainings der Annäherungstendenzen an Alkoholbilder 
(Wiers et al., 2011; Wiers et al., 2015) auch effektiv bei Alkoholikern sein, die noch aktiv 
trinken.  
Dass Trinkprobleme mit einer alkoholbedingten Verbesserung des zielgerichteten 
Verhaltens assoziiert waren, könnte durch stark ausgeprägte Langeweile erklärt werden, 
die Alkohol bei Problemtrinkern reduzierte. Auch diese Information sollte in 
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Präventionsmaßnahmen integriert werden. Dabei sollten alternative Möglichkeiten der 
Langeweile zu entfliehen aufgezeigt und gefördert werden, wie außerschulische 
Aktivitäten. 
Schlussendlich liefert die vorliegende Arbeit neue Kenntnisse zu den Risikofaktoren für 
den jugendlichen Alkoholkonsum, dennoch müssen zukünftige Studien klären, inwiefern 






Adolescence, defined as ages 10-19 by the WHO (World Health Organization), is a 
critical period for the development of alcohol use disorders (Nixon und McClain, 2010; 
Sawyer et al., 2012). At ages 18-19, 95% of German men and 88% women have already 
experimented with alcohol (Orth, 2017). Only 3% of the population abstains from alcohol 
throughout their lifetime (Piontek et al., 2016). Since alcohol consumption is an important 
risk factor for avoidable mortality and decease, effective prevention strategies are needed 
(Schaller et al., 2017). To improve the theoretical underpinnings of such strategies, the 
current thesis examined biological and psychological risk factors for alcohol problems in 
18- to 19-year-olds. 
Male sex is a known biological risk factor for drinking. It was often reported that women 
drink less alcohol than men (Erol und Karpyak, 2015), which is commonly explained by a 
higher bioavailability of alcohol in women, which leads to higher blood alcohol 
concentrations when ingesting the same amount of alcohol (Cederbaum, 2012; Erol und 
Karpyak, 2015). Whether women actually prefer lower blood alcohol concentrations than 
men has not yet been tested. Children without alcohol-dependent relatives are also less 
likely to develop alcohol problems than those with a positive family history of alcoholism 
(Schuckit, 2009). However, whether family history affects laboratory alcohol self-
administration in adolescents is unknown.  
Psychological risk factors include explicit drinking motives, such as viewing alcohol use 
as a way to make friends (Borsari et al., 2007). Besides that, implicit motives were found 
to guide drinking behavior (Ostafin et al., 2008), including habitual reactions to Pavlovian 
alcohol-related stimuli (Daw und O’Doherty, 2014). Implicit motives can override explicit 
motives to abstain from drinking (Stacy und Wiers, 2010; Watson et al., 2012). How 
alcohol-induced changes in drinking motives are linked to adolescent drinking problems is 
yet unclear. Alcohol use disorders seem to be strongly driven by habitual behavioral 
patterns (Koob und Volkow, 2010) and acute alcohol administration was also found to 
promote habitual choices while reducing goal-directed behavior (George et al., 2005; 
Hogarth et al., 2012). However, whether alcohol promotes habits or merely impairs goal-
directedness remains unclear, just like associations of such effects with adolescent 
drinking problems. 
 
6.2 Research questions 
To fill the gaps in current research, the following questions were addressed: 
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1.) Are male sex and positive family history of alcoholism risk factors for adolescent 
alcohol self-administration?  
2.) How does alcohol affect explicit and implicit drinking motives and are these measures 
associated with adolescent drinking problems? 
3.) How does alcohol affect habitual and goal-directed behavior and are these effects 
related to adolescent drinking problems? 
 
6.3 Methods 
In two studies, 18- to 19-year-olds were tested using CAIS (Computer-assisted Alcohol 
Infusion System; O'Connor et al., 1998; Plawecki et al., 2012; Ramchandani et al., 1999). 
Study 1, the “Dresden Longitudinal study on Alcohol use in Young Adults” (D-LAYA), 
was a self-administration experiment with 95 adolescents that were followed up for three 
years. Article 1 presents data of 82 adolescents (47 male, 35 female) from the first 
assessment wave. Adolescents were asked to produce pleasant alcohol effects while 
self-administering alcohol intravenously via button presses. Further, subjectively 
experienced alcohol effects were assessed.  
In study 2: “Acute effects of alcohol on learning and habitization”, 54 young men 
completed learning paradigms while receiving an alcohol infusion (0.8‰) and placebo. 
Article 2 measured four explicit drinking motives in 51 men: Desire to drink, thirst, general 
well-being, and stimulating alcohol effects. Implicit drinking motives were operationalized 
by choices of alcohol-related Pavlovian stimuli (abstract pictures that had been paired 
with alcohol-related cues) in the Pc (Pavlovian conditioning) task (modified version of PIT 
(Pavlovian-to-Instrumental Transfer); Garbusow et al., 2014) and approach tendencies 
towards alcohol-related cues in the AAT (Approach Avoidance Task; Wiers et al., 2013). 
Finally, links between these motives and self-reported drinking problems in the AUDIT 
(Alcohol Use Disorders Identification Test; Babor et al., 2001) were tested. 
Article 3 examined alcohol effects on habitual and goal-directed behavior measured with 
the 2-step task (Daw et al., 2011) as a function of AUDIT, in 53 men. 
 
6.4 Results 
Young women induced lower blood alcohol concentrations than men, while experiencing 
stronger sedating alcohol effects. Family history had no significant effect on alcohol self-
administration. 
Compared to placebo, alcohol administration increased all explicit drinking motives, 
reduced choices of alcohol-related Pavlovian stimuli in the Pc task, but had no effect on 
approach tendencies towards alcohol-related cues in the AAT. More self-reported 
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drinking problems were associated with higher alcohol desire in both infusion conditions 
and more choices of alcohol-related Pavlovian stimuli during alcohol administration. 
Besides that, alcohol reduced habitual behavior, while its effects on goal-directed 
behavior varied as a function of AUDIT. More drinking problems were not only associated 
with weaker alcohol-induced impairments, but also with an increase in goal-directedness. 
 
6.5 Conclusions 
Regarding biological risk factors, results suggest that an insensitivity of young men 
towards negative alcohol effects might increase their risk for drinking problems. This 
information should be provided in prevention programs that are specifically designed for 
young men, as the mere subjective experience of an increased risk can reduce alcohol 
consumption (Haller und Chassin, 2010).  
Concerning psychological risk factors, alcohol desire and choices of alcohol-related 
Pavlovian stimuli during alcohol infusion were positively associated with drinking 
problems. Therefore, motivational processes after alcohol intake might be essential for 
the development of alcohol use disorders. Consequently, the prevention campaign 
“Alkohol- Kenn Dein Limit” (https://www.kenn-dein-limit.de/) might be more effective in 
bars than cinemas, where it is usually displayed. Moreover, clinical interventions, such as 
cognitive trainings to reduce craving or approach bias re-trainings targeting alcohol-
related cues (Wiers et al., 2011; Wiers et al., 2015), might be effective not only in 
abstinent, but also in actively drinking patients.  
The alcohol-induced improvement in goal-directedness might be explained by alcohol 
reducing boredom in adolescents with more drinking problems. This information could 
also be provided in prevention programs. Furthermore, alternative ways to escape 
boredom should be promoted, such as leisure activities. 
The present thesis extends current knowledge of risk factors for adolescent drinking 
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Adolescent Women Induce Lower Blood Alcohol Levels
ThanMen in a Laboratory Alcohol Self-Administration
Experiment
Elisabeth J€unger, Gabriela Gan, Inge Mick, Christian Seipt, Alexandra Markovic,
Christian Sommer, Martin H. Plawecki, Sean O’Connor, Michael N. Smolka, and
Ulrich S. Zimmermann
Background: Adolescence is a critical period for the development of alcohol use disorders; drinking
habits are rather unstable and genetic influences, such as male sex and a positive family history of
alcoholism (FH), are often masked by environmental factors such as peer pressure.
Methods: We investigated how sex and FH modulate alcohol use in a sample of 18- to 19-year-olds
from the Dresden Longitudinal Study on Alcohol use in Young Adults. Adolescents reported their real-
life drinking in a TimeLine Follow-Back interview. They subsequently completed a training and an exper-
imental session of free-access intravenous alcohol self-administration (i.v. ASA) using the computer-
assisted alcohol infusion system to control for environmental cues as well as for biological differences in
alcohol pharmacokinetics. During i.v. ASA, we assessed subjective alcohol effects at 8 time points.
Results: Women reported significantly less real-life drinking than men and achieved significantly
lower mean arterial blood alcohol concentrations (aBACs) in the laboratory. At the same time, women
reported greater sedation relative to men and rated negative effects as high as did men. A positive FH
was associated with lower real-life drinking in men but not in women. In the laboratory, FH was not
linked to i.v. ASA. Greater real-life drinking was significantly positively associated with higher mean
aBACs in the laboratory, and all i.v. ASA indices were highly correlated across the 2 sessions.
Conclusions: We conclude that adolescent women chose lower aBACs because they experienced
adverse alcohol effects, namely sedation and negative effects, at lower aBACs than men. A positive FH
was not apparent as risk factor for drinking in our young sample. The i.v. ASA method demonstrated
good external validity as well as test–retest reliability, the latter indicating that a separate training
session is not required when employing the i.v. ASA paradigm.
Key Words: Computer-Assisted Alcohol Infusion System, Intravenous Alcohol Self-
Administration, Subjective Alcohol Effects, Subjective Response to Ethanol.
TWO MAJOR GENETICALLY determined factors areknown to affect the risk for alcohol use disorders,
namely sex and family history of alcoholism (FH). It was
often reported that women drink less alcohol than men, tol-
erate lower amounts of alcohol, get intoxicated less fre-
quently, and have a lower risk for alcohol use disorders (Erol
and Karpyak, 2015). Underlying mechanisms include
psychosocial and cultural factors associated with the female
gender role, such as considering excessive alcohol use to be a
traditionally masculine behavior (DeVisser and McDonnell,
2012; Erol and Karpyak, 2015). Moreover, biological fac-
tors, including lower body weight and lower proportion of
body water, increase the bioavailability of alcohol in women
compared with men (Cederbaum, 2012). Therefore, women
typically reach higher arterial blood alcohol concentrations
(aBACs) than men, when ingesting the same amount of alco-
hol (Erol and Karpyak, 2015). However, the literature on sex
effects is inconsistent and many studies do not have enough
power to analyze sex differences in alcohol consumption
(Erol and Karpyak, 2015). Besides that, most studies using
laboratory alcohol self-administration (ASA) were con-
ducted in adult samples. When sex was studied as secondary
influential factor, women were found to achieve lower
aBACs than men during oral ASA (Drobes et al., 2003) and
to manifest a trend for lower peak aBACs in intravenous
(i.v.) ASA (Hendershot et al., 2016). Such findings suggest
that women prefer lower aBACs than men, when asked to
produce pleasant alcohol effects, but this hypothesis has
never been tested before.
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Corresponding to the old observation that alcoholism runs
in families, studies found a positive FH (FHP) to be associ-
ated with an increased risk for alcohol use disorders (Grant,
1998). Underlying mechanisms include differences in reward-
processing (Andrews et al., 2011) and impulsivity (Acheson
et al., 2011). Such differences, however, do not necessarily
result in increased drinking in college students (Elliott et al.,
2012), implying no deterministic pathway from genotype to
phenotype (Morean and Corbin, 2010). Similar to research
on sex effects, studies examining FH effects on ASA in
adolescents have not yet been reported.
As described above, sex and FH are broad descriptive fac-
tors, comprising several mechanisms possibly underlying
alcohol use. One of those mechanisms is the subjective
response to ethanol (EtOH), which has also been found to
differ by sex and FH (Morean et al., 2015). Moreover, the
individual sensitivity for pleasant and unpleasant responses
to fixed alcohol doses varies substantially and predicts future
alcohol abuse (King et al., 2014). However, studies examin-
ing the connection between subjective responses and sex
yielded inconsistent results. Whereas Luczak and colleagues
(2002) reported lower subjective intoxication for women than
men, Miller and colleagues (2009) reported opposite results,
and Kerfoot and colleagues (2013) found no main effect of
sex on subjective alcohol effects in an alcohol infusion study.
Concerning FH, a FHP was linked to a low level of response
to alcohol (Quinn and Fromme, 2011; Schuckit, 2009), but
Morean and colleagues (2015) reported stronger high (e.g.,
aggressiveness) effects for those with a positive compared
with a negative FH (FHN).
According to previous research, evidence for genetically
determined risk factors for alcohol use disorders may be diffi-
cult to find in adolescents, because they are masked by envi-
ronmental factors including peer pressure (Steinberg et al.,
1994). In line with that observation, Rose and colleagues
(2001) found a decreasing impact of environmental factors
on adolescent real-life drinking from age 16 to 18.5, while
that of additive genetic effects increased.
A widely used approach to study alcohol consumption in
the laboratory is oral ASA (Zimmermann et al., 2013). In
these studies, subjects typically ingest standard drinks, which
mimics naturalistic drinking, but is flawed by some unavoid-
able limitations due to high interindividual variation in gas-
trointestinal absorption and distribution of alcohol
(Ramchandani et al., 2009). Such pharmacokinetic differ-
ences yield a 2- to 3-fold variation in peak aBAC and make
results of oral ASA difficult to compare across sexes. There-
fore, we investigated how sex and FH modulate i.v. ASA,
which ensures that the incremental aBAC following each
“drink” is identical in all subjects (Plawecki et al., 2012;
Ramchandani et al., 1999; Zimmermann et al., 2008). Com-
pared to drinking self-reports, i.v. ASA tightly controls for
environmental factors: (i) social influences on ASA are mini-
mized; (ii) participants are blinded against the amount of
administered alcohol, reducing the tendency to constrain
their consumption to what they think is socially desirable;
(iii) alcohol-associated Pavlovian cues such as brands and
taste are removed; and (iv) the act of drinking is replaced by
pushing a button, reducing habitual components of
behavior.
In our Dresden Longitudinal study on Alcohol use in
Young Adults (D-LAYA), we employed ASA for the first
time in adolescent subjects. Adolescents reported their real-
life drinking and completed 2 sessions of i.v. ASA. As sug-
gested by Zimmermann and colleagues (2009), the first ses-
sion served as training in order to reduce behavioral noise
attributable to user curiosity in the second session. As our
sample was considerably larger than the one in Zimmer-
mann and colleagues (2009), we took the opportunity to
re-examine the test–retest reliability of the i.v. ASA method.
We hypothesized that male sex and a FHP would be associ-
ated with more alcohol consumption in real life and in the
laboratory. As participants were free to self-administer
aBACs at which they felt comfortable, we expected no sex
or FH differences in subjective pleasant and unpleasant
alcohol effects.
MATERIALS ANDMETHODS
The D-LAYA study (Clinical Trials NCT01063166) was
reviewed and approved by the ethics committee of the Technische
Universit€at Dresden and fully complied with the Declaration of
Helsinki.
Participants and Recruitment
We mailed 3,580 invitation letters to 18-year-old Dresden resi-
dents whose addresses were provided by the registration office.
Respondents were called to provide study information and precheck
FH. Adolescents reporting a FHP were invited for laboratory
screening, as well as the next respondent matching in sex and smok-
ing status, but reporting a FHN. Figure 1 presents the sample size
in each recruitment step.
During the screening visit, participants received oral and written
study information and provided written informed consent. To
check inclusion and exclusion criteria, we obtained liver enzymes, a
complete blood count, and interviewed participants using 3 instru-
ments: the Munich Composite International Diagnostic Interview
(Lachner et al., 1998), the Diagnostisches Interview Psychischer
St€orungen (Margraf, 1994), and the Family History Assessment
Module (Rice et al., 1995). Adolescents also reported their smok-
ing status, completed column A (first 5 times of drinking) and C
(time of most drinking) of the Self-Rating of the Effects of Alcohol
(SRE; Schuckit et al., 1997), and the 45-day TimeLine Follow-
Back interview (TLFB; Sobell and Sobell, 1992). We included 18-
to 19-year-olds that had experienced at least 1 episode of drunken-
ness and reported having 2 or more alcoholic drinks per week dur-
ing the last 2 months. Adolescents were excluded for any of the
following reasons: any previous alcohol-related treatment; a medi-
cal disorder which would place them at risk if consuming alcohol;
current or past substance dependence (except nicotine dependence);
elevated aspartate transaminase, alanine aminotransferase, or
gamma-glutamyl transferase; any severe current or past Axis I dis-
order according to DSM-IV (American Psychiatric Association,
1994); a urine drug screen positive for cocaine, amphetamines,
cannabinoids, benzodiazepines, opiates, barbiturates, ecstasy, or
antidepressants; pregnancy or breastfeeding, current desire to
become pregnant; taking medication that might interact with alco-
hol; and drinking alcohol on the test day or the day before.
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The final sample consisted of 82 adolescents aged between 18 and
19 (M = 18.4, SD = 0.5), 35 women, and 38 FHP (see Fig. 1 and
Table 1).
General Experimental Methods
Participants underwent 2 identical sessions separated by at least
3 days (Range: 3 to 59, Median = 11). The first day (day 1) served
as a training session (Zimmermann et al., 2009). Thereafter, a sub-
sample completed 2 functional magnetic resonance imaging sessions
which are reported elsewhere (Gan et al., 2015; Marxen et al.,
2014). Participants reported to the laboratory at 1 PM and provided
a urine sample for pregnancy testing (Alere medical pregnancy test,
K€oln, Germany) and urine drug screen (Nal von Minden Multi-
12TF test, Moers, Germany). A brief history covering the time since
the screening visit was obtained. At 1:30 PM, we established an 18G
i.v. line using an antecubital fossa vein of the nondominant arm.
During the next 45 minutes, participants worked on questionnaires,
including the brief Alcohol Expectancy Questionnaire (AEQ; Dem-
mel and Hagen, 2002), Alcohol Use Disorders Identification Test
(AUDIT; Babor et al., 2001), and the Beck Depression Inventory
(BDI; Hautzinger et al., 2000).
Throughout the experiment, participants sat in a comfortable
arm chair facing a 32-inch video monitor at a viewing distance of
1.5 m. We ensured that baseline aBAC was zero and participants
completed subjective state ratings (0 minutes). The i.v. ASA began
at 2:15 PM and ended at 4:40 PM. During each session, we obtained
subjective state ratings at 10 minutes, and every 20 minutes during
i.v. ASA (45, 65, 85, 105, 125, and 145 minutes), as well as 8 aBAC
readings (10, 25, 45, 65, 85, 105, 125, and 145 minutes) using an
Alcotest 6810 med breathalyzer (Draeger Sicherheitstechnik,
L€ubeck, Germany). These data were entered into the CAIS software
(proprietary software developed by the Indiana Alcohol Research
Center, Indiana University School of Medicine, Indianapolis, IN,
USA, oconnor1@iu.edu) in real time to improve the individual
pharmacokinetic model and adapt the prescribed infusion rates
accordingly. The breathalyzer measured alcohol concentration in
end-expiratory breath, which is closely related to aBAC during
intravenous EtOH infusion (Lindberg et al., 2007). As alcohol
exposure is conventionally communicated as BAC, the breathalyzer
applied the usual 1:2,100 air/blood partition coefficient to approxi-
mate aBAC (mg%) from breath readings (mg EtOH/liter of air).
Due to the high cerebral perfusion index, aBAC provides a reliable
estimate of brain alcohol exposure, which is the key factor driving
both behavior and subjective alcohol effects.
During ASA, participants were free to watch sitcoms and use the
bathroom. After the i.v. line was removed, participants were served
a full meal. They could leave the laboratory as soon as their aBAC
was below 45 mg% if picked up by car (e.g., taxicab) or below
20 mg% if they went home unaccompanied. Participants were paid
120€ for both i.v. ASA sessions and up to 40€ driving expense.
Measures
Family History of Alcoholism. Participants were classified as
FHP, if they had at least 1 first-degree biological relative fulfilling 3
or more lifetime DSM-IV alcohol dependence criteria, and as FHN,
if none of their first- or second-degree relatives had been alcohol
dependent.
Real-Life Drinking. Self-reported real-life drinking was
obtained at the first day using the TLFB interview (Sobell and
Fig. 1. Sample size in each step of the recruitment process. N, number;
*Two subjects reported having purposefully induced lower arterial blood
alcohol concentrations than they would have made at a party in order to
shorten the time to sober up and be able to leave the laboratory earlier.
Table 1. Sample Characteristics
Men (N = 47) Women (N = 35) Total (N = 82)
FHP (N = 17) FHN (N = 30) FHP (N = 21) FHN (N = 14) FHP (N = 38) FHN (N = 44)
Age 18.5 (0.5) 18.4 (0.5) 18.3 (0.5) 18.4 (0.5) 18.4 (0.5) 18.4 (0.5)
% Smoking 41.2 30.0 42.9 14.3 42.1 25.0
AUDIT 6.5 (1.8) 8.4 (4.2) 6.5 (5.0) 6.4 (4.6) 6.5 (3.9) 7.8 (4.4)
BDI 4.4 (5.0) 3.6 (2.9) 6.5 (5.1) 4.2 (3.6) 5.6 (5.1) 3.8 (3.1)
SREa 4.7 (1.6) 5.2 (2.9) 3.6 (1.7) 3.2 (1.3) 4.1 (1.7) 4.5 (2.7)
AEQ 10.1 (3.2) 11.0 (3.3) 10.7 (4.4) 9.6 (3.5) 10.4 (3.9) 10.6 (3.4)
N, number; FHP, family history of alcoholism positive; FHN, FH negative; AUDIT, Alcohol Use Disorders Identification Test; BDI, Beck Depression
Inventory; SRE, Self-Rating of the Effects of alcohol (first 5 times of drinking); AEQ, Alcohol Expectancy Questionnaire.
aWomen reported needing fewer drinks than men to experience the same alcohol effects, F(1, 76) = 8.7, p < 0.01; There were no other significant
effects of sex, FH, or their interaction.
Means, standard deviations in parentheses, and percentages of current regular smokers are presented.
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Sobell, 1992). Participants reported the number of alcoholic drinks
they drank on each of the last 45 days in standard units of 12 g pure
alcohol. We extracted 3 TLFB variables: drinking days, drinks per
drinking day, and the number of binge days with 5 or more drinks
for men and 4 or more for women (Courtney and Polich, 2009).
Free-Access Intravenous Alcohol Self-Administration. The exper-
imental methods were the same as described in Zimmermann and
colleagues (2008). Briefly, the CAIS software was installed on the
experimenter laptop which was connected to the participant’s screen
in the adjacent room. The screen informed participants about the
experimental phase and whether the self-administration button was
active. Infusion solutions were prepared by mixing 0.9% saline with
95% EtOH (Alkohol Konzentrat 95%; B. Braun, Melsungen, Ger-
many) giving a final concentration of 6.0% (v/v). For i.v. adminis-
tration, we used 2 volumetric infusion pumps (Infusomat fms; B.
Braun). Participants’ age, gender, height, and weight were used as
parameters for a physiologically based pharmacokinetic model (Pla-
wecki et al., 2012). Pushing the button (Power Mate; Griffin Tech-
nology, Nashville, TN) resulted in a linear increase in aBAC of
7.5 mg% within 2.5 minutes, during which time the button was
deactivated. Thereafter, the aBAC steadily declined by 1 mg%/min
until the participant pushed the button, the infusion rate reached
the minimum set rate (8 ml/h), or the experiment was over. An out-
put of the aBAC system estimates every 30 seconds as well as
entered breath readings were displayed to the experimenter, but not
to the participant.
Participants were instructed to produce pleasant alcohol effects
to the same extent as they usually would when drinking at a week-
end party, but to avoid unpleasant effects. The experiment started
with a priming phase, during which participants were prompted to
push the button 4 times, resulting in an aBAC of 30 mg% after
10 minutes. For the next 15 minutes, the button was inactivated,
and the aBAC decreased linearly, reaching 15 mg% at 25 minutes,
at which time the voluntary free-access i.v. ASA phase began. Dur-
ing the next 2 hours, participants were free to request alcohol up to
a safety limit of 120 mg% at their discretion.
Subjective Ratings. Subjective ratings were assessed in the fol-
lowing order: (i) stimulation: “Right now, I am experiencing stimu-
lating alcohol effects, e.g. cheerful, excited, full of energy, zest for
action. . .”; (ii) sedation: “Right now, I am experiencing sedating
alcohol effects, e.g. relaxed, tired, sluggish. . .”; (iii) negative effects:
“Right now, I am experiencing negative alcohol effects, e.g., nausea,
dizziness, ringing in the ears. . .”; (iv) alcohol desire: “I would like to
consume more alcohol right now.”; (v) overall well-being: “Overall, I
am feeling well right now.”; (vi) drinks number: “Right now, I feel
like I had . . . drinks.”; and (vii) feeling drunk: “I am feeling drunk
right now.” The statements were programmed with Presentation
(Neurobehavioral Systems, Albany, CA) and presented on the video
monitor. Subjects completed the rating using a mouse on visual ana-
log scales anchored at 0 (not at all) and 100 (extremely), or by
choosing a drinks number from 0 to 30.
Data Analysis
CAIS data from the priming interval were excluded. CAIS
aBAC estimates during the voluntary i.v. ASA interval (241 in
total) were optimized to fit the measured aBACs, providing a con-
tinuous and more reliable representation of instantaneous aBAC
than individual breath readings. Therefore, these estimates were
used to calculate 2 aggregated outcome variables: mean aBAC (mg
%) and maximum aBAC (mg%). Further we analyzed the number
of alcohol requests made by the subject. Hypotheses were tested
using day 2 data only, because day 1 served as a training session.
The i.v. ASA measures max aBAC, mean aBAC, and alcohol
requests were strongly correlated (all r > 0.87, p-values < 0.001; see
Table 2), indicating high internal consistency. To avoid multiple
testing with highly related outcome variables, we report results for
mean aBAC only, because (i) compared to maximum aBAC, it is a
more integrative measure and (ii) compared to alcohol requests, it is
a continuous and normally distributed variable, thus more appro-
priate for analyses of variance (ANOVAs).
Subjective ratings were measured at 8 time points. Due to techni-
cal problems, there was an unsystematic pattern of missing data: 1.2
to 4.3% of all ratings, respectively. We removed data of the first
measurement (0 minutes) for stimulation, sedation, negative effects,
estimated drinks number, and feeling drunk, because they consisted
of zero values only, which caused a zero inflation as well as a viola-
tion of the homogeneity of variance assumption.
For analyses and graphics, we used R version 3.2.2 (R Core
Team; http://www.R-project.org/). For testing sex (women vs. men)
and FH (FHP vs. FHN) differences in age and questionnaire scores,
type III ANOVAs (Anova, Manova; package car) were used, as well
as chi-square tests for smoking status (chisq.test, package: stats).
Further, we used (multivariate [M])ANOVAs for testing sex and
FH effects on real-life drinking (type III) as well as i.v. ASA (type II
as there was no interaction; Langsrud, 2003). Internal consistency
and test–retest reliability of the i.v. ASA measures were analyzed
using correlations (cor.test, package: stats), we computed paired sig-
nificance tests for correlation differences (paired.r, package: psych),
and used t-tests for testing differences between day 1 and day 2
(t.test, package: stats). For all analyses, we used the conventional p-
value threshold of 5% to assess significance. Time course analyses
of the i.v. ASAmeasures and subjective ratings were conducted with
mixed-effects models (lmer, package: lme4). Given the large number
of observations, the t-statistics for the contrasts approximate the
normal distribution, and |t-values| > 2.0 were interpreted as signifi-
cant (Kliegl et al., 2010). In all models, we tested the effects of time
(linear and quadratic), sex (women 0.5 vs. men 0.5), and FH




Table 1 provides an overview on the prevalence of sex and
FH in our sample as well as participants’ age, smoking sta-
tus, AUDIT, BDI, AEQ, and SRE scores. In the SRE items
covering the subjects’ first 5 drinking episodes, adolescent
women reported needing fewer drinks to experience alcohol
effects, F(1, 76) = 8.7, p < 0.01 (see Table 1) than men.
Table 2. Pearson Correlations TLFB and Intravenous Alcohol Self-





















Maximum aBAC 0.22 0.36** 0.33**
Mean aBAC 0.24* 0.35** 0.30** 0.97***
Alcohol requests 0.19 0.36*** 0.39*** 0.91*** 0.88***
N, number; TLFB, TimeLine Follow-Back over the last 45 days; binge
days = number of days with 5 or more drinks for men and 4 or more for
women; aBAC, arterial blood alcohol concentration.
*p < 0.05, **p < 0.01, ***p < 0.001.
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There were no other significant effects of sex, FH, or
sex 9 FH interactions.
Effects of Sex and Family History of Alcoholism on Real-Life
Drinking
As shown in Fig. 2A–C, women reported significantly less
real-life drinking than men, and FHP men less than FHN
men.
Overall, we found significant main effects of sex, F
(3, 76) = 9.1, p < 0.001, and FH, F(3, 76) = 3.0, p < 0.05,
on real-life drinking using a MANOVA. The corresponding
univariate models revealed that women reported fewer drinks
per drinking day, F(1, 78) = 20.0, p < 0.001, than men. Fur-
ther, a significant sex 9 FH interaction on drinking days, F
(1, 78) = 5.0, p < 0.05, indicated that FHP men reported
fewer drinking days than FHN men, whereas there was no
such difference in women. After controlling for SRE scores
or smoking status, the overall main effect of FH failed to
reach significance (p = 0.09), whereas all other effects
remained unchanged.
Effects of Sex and Family History of Alcoholism on
Laboratory Alcohol Self-Administration
We found that women preferred lower mean aBACs than
men, but there was no effect of FH on laboratory i.v. ASA
(Fig. 2D). The main effect of sex, F(1, 78) = 10.0, p < 0.01,
remained significant (p-values < 0.05) after controlling for
SRE scores, smoking status, TLFB drinking days, or TLFB
drinks per drinking day. There was still no significant effect of
FH when including the interactions of these control
variables.
Figure 3A shows the time courses of aBAC for women
and men. aBAC estimates significantly increased over time
(timelinear Estimate = 1,580.1, SE = 189.4, t = 8.3), but the
increase gradually slowed over time, as indicated by a nega-
tive quadratic term (timequadratic Estimate = 873.7,
SE = 121.6, t = 7.2). In line with the above described
ANOVAs, aBAC estimates were generally lower for women
than men (sex Estimate = 20.4, SE = 6.5, t = 3.2), and the
quadratic time effect was smaller for women than men
(timequadratic 9 sex Estimate = 556.5, SE = 243.1,
t = 2.3), whereas the interaction between sex and time (lin-
ear) failed to reach significance (t = 1.9). Again, there were
no effects of FH.
Effects of Sex and Family History on Subjective Ratings
With respect to time, we found that all subjective ratings,
except overall well-being, linearly increased over time (t-
values > 2.8). Further, there were quadratic time effects on
all ratings, except negative effects, because the strongest rate
of increase occurred at the beginning of the experiment (|t-
values| > 2.3), paralleling the increase in aBACs. With
respect to sex (see Fig. 3A–C), women had a lower estimated
drinks number (sex Estimate = 1.6, SE = 0.5, t = 2.9). Fur-
ther, the linear increase in stimulation, feeling drunk, and
drinks number was lower for women than men (t-
values > 2.1), and women’s sedation ratings at 10 minutes
and at the end (145 minutes) were higher than those of men
(timequadratic 9 sex Estimate = 105.0, SE = 43.6,
t = 2.4). The time course of all other ratings, namely over-
all well-being, negative effects, and alcohol desire, did not dif-
fer between sexes. With respect to FH (see Fig. 3D), we
found a significant sex 9 FH interaction on alcohol desire.
Fig. 2. Effects of family history of alcoholism (FH) and sex on real-life drinking measured by TimeLine Follow-Back interview over the last 45 days (A–
C), and on laboratory intravenous alcohol self-administration (ASA) measured by the mean arterial blood alcohol concentration (aBAC; D). Means and
standard errors of the mean (error bars) in each group are displayed. Asterisks denote significant sex main effects in univariate ANOVAs (**p < 0.01,
***p < 0.001), and dashed lines denote a significant sex 9 FH interaction (p < 0.05).
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FHP men reported lower alcohol desire (sex 9 FH Esti-
mate = 29.3, SE = 9.5, t = 3.1) than FHN men, while
the opposite relation was found for women.
In separate models, we tested whether significant sex
effects on subjective ratings were mediated by individual
aBACs. After including the linear and quadratic aBAC main
effects to the models predicting stimulation, estimated drinks
number, and feeling drunk, the linear aBAC effect was highly
significant (t-values > 5.2). In the updated model for stimula-
tion, the sex difference over time failed to reach significance
(t = 1.6), implying that self-induced aBACsmediated the sex
effect on stimulation. For estimated drinks number as well as
feeling drunk, sex effects remained significant
(t-values > 2.2), but were substantially reduced (reduction in
sex Estimate = 24% for drinks number; reduction in
sex 9 time Estimate = 17% for drinks number, and 28% for
feeling drunk). Thus, sex effects on drinks number and feeling
drunk were partly mediated by self-induced aBACs.
External Validity of Laboratory Alcohol Self-Administration
We found a positive association between self-reported
real-life drinking and laboratory ASA (see Table 2). Mean
aBAC during i.v. ASA correlated positively with drinking
Fig. 3. Effects of time and sex on CAIS arterial blood alcohol concentration (aBAC) estimates and subjective ratings of alcohol effects (A–C), as well
as effects of time, sex, and family history of alcoholism (FH) on subjective alcohol desire (D). Means and standard errors (upper error bars) for each mea-
sure during priming and intravenous alcohol self-administration (i.v. ASA) phase are displayed. Note that for reasons of clarity, the graph of aBACs does
only include every 10th estimate.
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days, binge days, and average number of drinks per drinking
day, r(80) = 0.24 to 0.35, p-values < 0.05. Moreover, we
compared binge drinking in real life to that during labora-
tory i.v. ASA (reaching an aBAC of 80 mg% or above;
Courtney and Polich, 2009). In the TLFB, all but 6 partici-
pants reported binge drinking within the last 45 days. None
of those 6 achieved maximum aBACs above 80 mg% during
i.v. ASA, whereas all others did.
Test–Retest Reliability of Laboratory Alcohol Self-
Administration
We found a high test–retest reliability of the i.v. ASA
measures across both i.v. ASA sessions. A paired t-test
revealed no systematic mean aBAC difference between day 1
and day 2. Further, all correlations between day 1 and day 2
measures were significant, positive, and strong, including
mean aBAC with r(80) = 0.60 (p < 0.001). Correlations
between i.v. ASA and TLFB real-life drinking were gener-
ally stronger at day 2, r(80) = 0.20 to 0.39, than day 1, r
(82) = 0.17 to 0.29, but only the correlation between alcohol
requests and TLFB drinks per drinking day was significantly
higher at day 2 than day 1 (t = 2.51, p = 0.01, uncorrected
for multiple testing).
When repeating the preceding analyses with day 1 i.v.
ASA measures, results remained the same with one excep-
tion: the interaction between sex and time (linear) on aBAC
estimates reached significance (t = 3.1).
Side Effects
One woman of our final sample spontaneously reported
nausea during the last 15 minutes of i.v. ASA, and 2 men
vomited after the infusion was terminated. Otherwise, only
minor alcohol-related side effects, such as tiredness,
occurred.
DISCUSSION
Two known genetically determined risk factors for alcohol
use disorders, namely sex and FH, were tested in late adoles-
cents. In that age group, male sex, but not FHP, was associ-
ated with more alcohol intake.
Sex Effect on Alcohol Intake
Our finding that women reported lower real-life drinking
than men and induced lower aBACs in the laboratory corre-
sponds to the broad literature reporting sex- and gender-
related effects on alcohol intake (Erol and Karpyak, 2015).
In our study, the sex effect on i.v. ASA remained robust after
controlling for individual SRE scores, smoking status, or
real-life drinking, suggesting that adolescent women prefer
lower brain alcohol exposures than men. Certainly, the sex
effect on i.v. ASA cannot be explained by sex differences in
pharmacokinetics or distribution of alcohol. Instead, the sex
effect can be explained by the following 3 options: (1) women
selected lower aBACs than men due to sex differences in
alcohol-induced subjective states; (2) they purposefully
induced lower aBACs secondary to some unmeasured value
system associated with the female gender role; and (3) a com-
bination of (1) and (2). Our data support a role for sex differ-
ences in alcohol-induced unpleasant subjective states,
because women experienced the same level of negative effects
and more sedation at lower aBACs than men. Further, test-
ing a subset of our sample at constant aBACs, Marxen and
colleagues (2014) found larger increases in brain perfusion
for women than men, which implies that the same brain alco-
hol exposure exerts stronger physiological effects in women
than men. In line with this concept, Mick and colleagues
(2015) reported that the alcohol-induced impairment relative
to aBAC was lower in girls than boys aged 11 to 15, but
higher in girls than boys aged 16 to 17 years, when examin-
ing adolescents who were admitted to inpatient pediatric care
due to alcohol binging. A 3-way interaction between sex,
aBAC, and adverse alcohol effects might therefore represent
a previously unknown pharmacodynamic factor explaining
why, in our sample, adolescent women drank less alcohol in
real life.
Importantly, there seemed to be no sex differences in pleas-
ant alcohol effects. Women had lower ratings of stimulation
than men, paralleling their lower aBACs, and in fact, the sex
difference in stimulation was fully mediated by self-induced
aBACs. Unfortunately, the ASAmethod is inappropriate for
testing direct relationships between aBACs and subjective
alcohol effects, because participants manipulate their aBAC
as a tool to control subjective effects, which feeds back to
behavior in a closed loop. For that reason, additional studies
investigating negative subjective alcohol effects at constant
aBACs are warranted.
Alternatively, adolescent women may have purposefully
induced lower aBACs in response to gender-related societal
pressures and expectations. DeVisser and McDonnell
(2012) described gender-specific double standards for alco-
hol intake in English students aged 18 to 25. In their study,
drinking was linked to traditionally masculine traits such
as risk-taking and aggression. The belief that women
should drink less alcohol than men was rationalized based
on feminine attributes, such as concerns with physical
appearance or vulnerability to unwanted sex. Differences in
drinking motives are another potential mechanism underly-
ing the sex effect on i.v. ASA. Unfortunately, we can only
speculate regarding our subjects’ gender-related motiva-
tions, and on whether they might be specific to late adoles-
cence. Last, Erol and Karpyak (2015) summarized how
mood and emotions influence heavy drinking. They
reported that women tend to drink more often in response
to negative emotions, whereas men typically drink to
enhance positive emotions. If that is true, our laboratory
setting could have specifically promoted men’s drinking,
because all adolescents reported high overall well-being
before i.v. ASA.
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Family History of Alcoholism and Alcohol Intake
The present results are in contrast to our earlier finding
that FHP adults self-infuse to higher aBACs than FHN
(Zimmermann et al., 2009). In fact, a FHP in men was asso-
ciated with less frequent real-life drinking, and FHP men
also reported less alcohol desire during i.v. ASA. The consis-
tency between drinking behavior and desire to consume alco-
hol illustrates that subjective alcohol effects in the laboratory
can reflect differences in real-life drinking. To determine
whether a FH effect on i.v. ASA was absent because it was
masked by real-life substance intake, we tested interactions
between FH and either SRE scores, smoking status, or real-
life drinking. Still, the FH null effect on mean aBAC
remained.
There are several speculative mechanisms explaining our
FH null effect. First of all, drinking during adolescence is
rather unstable. Consistently, several studies examining col-
lege students also reported FH null effects, and instead of
FH, familial depression predicted drinking problems
(MacDonald et al., 1991). Further, M€uller and colleagues
(2015) found no differences between FHP and FHN adoles-
cents in drinking, when testing 14-year-old subjects of the
IMAGEN study. Comparing these studies with those report-
ing FH effects (for a review, see Schuckit, 2009) suggests that
FH becomes more influential with age, which was also sup-
ported by Rose and colleagues (2001). Besides young age,
there are other aspects in which our sample differs from the
general population. Seventy-eight percent had an educa-
tional level that qualified them for University, which is more
than in the respective German population (43% in 2011;
Statistisches Bundesamt, 2012). In Germany, higher qualifi-
cation is an indicator of higher parental education and
socioeconomic status, which were both found to be linked to
lower drinking in adolescents (Saraceno et al., 2009). More-
over, we excluded adolescents with psychiatric disorders such
as depression or anxiety, although it is well established that
the genetic risk for alcohol dependence increases with the
number of externalizing and internalizing symptoms (Lieber-
man, 2000).
Last but not least, subjects with a FHP are a heteroge-
neous group. As our analyses were based on group means, it
remains possible that a subgroup of young FHP adults drank
much more, whereas another subgroup drank much less
alcohol because they were aware of their own risk for drink-
ing problems (Haller and Chassin, 2010). However, visual
inspection of the TLFB histograms indicated no evidence for
a bimodal distribution in the FHP group; the histograms for
both FH groups were practically identical. However, we can-
not rule out the possibility that some FHP participants were
motivated to drink more or less due to awareness of their
risk. Besides that, there are several risk genes for alcoholism,
often identified with small effect sizes (Heath et al., 2011),
and it remains unclear which of those genes were actually
present in our sample. In the context of other data suggesting
a functional role of XRCC5 in the development of alcohol
use disorders, we genotyped our participants for the rs28701
polymorphism. Although XRCC5 affected individual maxi-
mum aBACs in an allele-dose-dependent manner, FHP and
FHN subjects did not significantly differ in the numbers of
XRCC5 gene variants (Juraeva et al., 2015). Such findings
argue against the use of FH as a proxy for specific genetic
risk in scientific studies, although FH remains a valid and
useful clinical indicator.
Methodological Aspects of Intravenous Alcohol Self-
Administration
Laboratory self-infusion was positively linked to real-life
drinking, indicating that i.v. ASA is a valid tool for measur-
ing drinking behavior. However, correlations were rather
weak, which implies that i.v. ASA captures different aspects
of drinking than the TLFB. In fact, i.v. ASA is measured in
a highly controlled laboratory setting and integrates alcohol
liking, wanting, and tolerance. The TLFB, on the other side,
is a retrospective self-report measure of real-life drinking
which can be affected by numerous additional factors,
including alcohol price, social interaction, and peer
pressure.
Unlike Zimmermann and colleagues (2008), we found
strong positive correlations between day 1 and day 2 self-
infusion behavior. As adolescents are less consistent in deci-
sion making than adults (Littlefield et al., 2010), our results
indicate substantial test–retest reliability of the i.v. ASA
method. Correspondingly, when repeating our day 2 i.v.
ASA analyses with data from day 1, we came to the same
conclusions. Therefore, we suggest that a separate training
session is not required for i.v. ASA studies with large sample
sizes and detailed instructions.
To summarize, the present study was the first applying
ASA to adolescents. Our findings suggest no role for FH as a
risk factor for drinking in that age group, but imply that
young women preferentially self-infuse alcohol to lower
aBACs than men when asked to produce pleasant alcohol
effects. Whether our findings pertain to adolescents only, will
be determined in the second wave of our D-LAYA study, in
which we are testing the same participants 3 years later.
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Introduction
Pavlovian learning describes the process by which people learn 
stimulus–outcome contingencies through simultaneous presence 
of a neutral cue together with its related rewards or punishments 
(Bradizza et al., 1994; Daw and O’Doherty, 2014). One example 
of such a stimulus–outcome contingency might be the repeated 
association of a beer bottle and the positive or negative aspects of 
being drunk. By that, the formerly neutral cue ‘beer bottle’ 
becomes a conditioned stimulus predicting rewarding or punish-
ing alcohol effects. Later on, such alcohol-related Pavlovian cues 
can capture attention and elicit explicit as well as implicit moti-
vation to drink alcohol (Field et al., 2009; Roberts and Fillmore, 
2015). Although one would expect both aspects of motivation to 
be positively linked with each other, there are mixed findings 
about their relationship, which might be explained by different 
underlying processes. According to Bargh (1994), explicit moti-
vation is based on ‘slow’, intentional, reflective and controllable 
cognitive processes, whereas implicit motivation relies on ‘fast’, 
unintentional, affective and automatic processes, which are dif-
ficult to control. Dual-process models of substance use therefore 
propose that explicit and implicit motivation independently guide 
drinking behavior (Ostafin et al., 2008; Stacy and Wiers, 2010). 
Hence, occasionally, explicit intentions to abstain may be over-
ridden by implicit affective responses to alcohol-related cues, 
resulting in seemingly paradoxical behavior (Stacy and Wiers, 
2010; Watson et al., 2012).
Explicit motivation to drink alcohol is typically measured via 
self-report, such as ratings of craving or desire to drink. Previous 
studies reported increased craving or desire to drink after alcohol 
intake (Amlung et al., 2015; de Wit, 1996; Roberts and Fillmore, 
2015; Schoenmakers et al., 2008; Schoenmakers and Wiers, 
2010) and placebo drinks (Christiansen et al., 2013). Hence, 
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explicit motivation to drink is sensitive to both acute alcohol 
administration and the expectancy to receive alcohol.
Implicit motivation to drink alcohol requires more complex 
methods, such as measuring automatic action tendencies to alco-
hol-related cues with an Approach-Avoidance Task (AAT; Wiers 
et al., 2009). The AAT usually requires subjects to push or pull 
alcohol-related Pavlovian cues (e.g., pictures of alcohol) with a 
joystick according to their format. The speed difference between 
these actions is then compared with the actions to neutral cues. 
Previous studies using the AAT showed that alcohol-dependent 
patients compared to non-dependent controls exhibit stronger 
approach tendencies to alcohol-related cues, which is labeled 
‘alcohol-approach bias’ (Ernst et al., 2014; Wiers et al., 2014). 
Nevertheless, another study failed to find such a difference 
between patients and controls (Wiers et al., 2016). Besides that, 
AAT approach and avoidance tendencies were found to predict 
real-life drinking 12 weeks later in people with alcohol use disor-
ders (Martin Braunstein et al., 2016). Only one study examined 
alcohol effects on the AAT in healthy subjects and found no dif-
ferences in alcohol-approach bias scores after alcohol (50 mg%) 
compared to placebo administration (Korucuoglu et al., 2014).
As highlighted above, previous studies reported mixed find-
ings on the links between explicit and implicit motivation to 
drink alcohol, which might be explained by different alcohol 
doses and paradigms. None of these studies used the AAT. One 
study measured how fast a manikin figure could be moved 
towards or away from alcohol or neutral pictures (Christiansen 
et al., 2013). The study found that the expectancy to receive alco-
hol increased both craving and approach tendencies to alcohol 
pictures, but there was no difference in alcohol-approach tenden-
cies after alcohol (90 mg%) compared to placebo intake 
(Christiansen et al., 2013). This null finding, together with the 
null effect reported in Korucuoglu et al. (2014), suggests that 
behavioral approach tendencies to Pavlovian alcohol-related 
cues might be unaffected by acute alcohol administration. 
Another indicator of motivation to drink alcohol is the attentional 
bias when examining healthy subjects (Schoenmakers et al., 
2008). Three studies examined the attentional bias by measuring 
response times to cues that were presented locally identical with 
either alcohol or neutral pictures. In these studies, faster responses 
to alcohol-related cues indicated a preexisting visual attention 
allocation to alcohol pictures. All three studies reported alcohol-
induced increases in craving or alcohol desire, but the attentional 
bias to alcohol-related cues was either enhanced (30–40 mg% vs 
placebo: Schoenmakers et al., 2008), or attenuated (65–80 mg% 
vs placebo: Roberts and Fillmore, 2015; 0–200 mg% in a field 
study: Schoenmakers and Wiers, 2010). These findings indicate a 
dose–response relationship such that lower alcohol doses increase 
the attentional bias, whereas higher doses decrease it.
The goal of the present study was to examine the impact of a 
highly standardized ethanol exposure on the links between 
explicit and implicit motivation to drink alcohol. Participants 
received either an alcohol or a placebo infusion in order to con-
trol for differences in alcohol expectancy. Contrary to previous 
studies in this field, we used a legally ‘intoxicating’ dose and 
produced a stable blood alcohol concentration of 80 mg%. 
Moreover, we tested 18- to 19-year-old adolescents, who are less 
affected by neuropsychological deficits in basic decision-making 
that are attributable to previous exposure to large alcohol doses 
than older participants. We measured explicit motivation to drink 
alcohol by self-reports of alcohol desire and thirst. Since the drift 
diffusion model postulates that current mood states directly affect 
approach and avoidance tendencies (Trimmer et al., 2013), we 
also expected actual well-being and positive alcohol effects, 
including stimulation, to promote approach behavior towards 
alcoholic drink stimuli. Conversely, negative alcohol effects, 
including sedation, were expected to motivate avoidance behav-
ior. Numerous studies confirmed that alcohol administration 
increases both stimulation and sedation (Hendler et al., 2013). 
In our study, self-reports of subjective alcohol effects and well-
being therefore served as further indicators of explicit motivation 
to drink, besides desire to drink and thirst.
To measure implicit motivation to drink alcohol, we used an 
AAT as well as a Pavlovian conditioning (Pc) task. The Pc task 
was introduced, because the interpretation of the approach bias 
might be complicated by the fact that the AAT involves instru-
mental learning of pushing or pulling Pavlovian cues according 
to their format, independent of their emotional value. These 
actions involve instrumental learning of stimulus (format) – action 
(approach/avoid) – outcome (feedback) contingencies (Daw and 
O’Doherty, 2014). A negative result, where the approach bias does 
not differ between cues, might therefore be interpreted in two 
ways: either, the cues truly had the potential to affect behavior, but 
subjects happened to be perfect instrumental learners of the format-
related action, who, for that reason, could hardly be distracted 
by any cue; alternatively, the cues were in fact ineffective to alter 
behavior even in imperfect instrumental learners. The Pc task 
should help us to disentangle both possibilities, because it con-
tained the same cues as the AAT, but they were used to produce 
second-order Conditioned Stimuli (CS). In forced-choice trials, 
we then measured individual preferences for the CS. Crucially, if 
there was no preference for any of the CS, it would imply that our 
Pavlovian cues were inefective to alter behavior, not only in the 
Pc task, but also in the AAT. Both tasks also contained money 
stimuli, enabling us to compare approach behavior to alcoholic 
drink stimuli with other emotionally valenced stimuli (Delgado 
et al., 2011). Finally, we assessed explicit knowledge of the Pc 
stimuli to control for general memory impairments.
Alcohol administration might solely impair general decision-
making abilities, leading to unspecific effects on our measures of 
implicit motivation to drink alcohol, such as more random behav-
ior. We therefore used a lexical decision task to control for gen-
eral alcohol-induced decision-making impairments, because this 
task efficiently measures simple two-choice decision-making 
(Ratcliff et al., 2004).
To summarize, the main novel elements of our study are: (a) 
we examined the effect of a legally ‘intoxicating’ alcohol dose in 
(b) a young sample of 18- to 19-year-olds on (c) explicit motiva-
tion to drink measured not only by alcohol desire, but also by 
thirst and subjective alcohol effects. With respect to implicit 
motivation to drink, (d) we controlled for instrumental factors in 
the AAT with a Pc task, and (e) we controlled for general reactiv-
ity to emotional stimuli with monetary stimuli. Finally, (f), we 
examined the links between our measures of motivation to drink 
alcohol and real-life problem drinking in the Alcohol Use 
Disorders Identification Test (AUDIT; Babor et al., 2001). Our 
primary research question was whether explicit measures are 
linked with implicit measures of motivation to drink alcohol. As 
suggested by Roberts and Fillmore (2015), we expected no direct 
links between alcohol desire and implicit measures of motivation 
to drink alcohol. (1) Instead, we hypothesized that thirst, general 
well-being and stimulating alcohol effects would be positively 
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correlated with implicit motivation, whereas negative alcohol 
effects and sedation should be negatively correlated with implicit 
motivation to drink alcohol. Besides that, we had the following 
secondary hypotheses: (2) Alcohol administration was expected 
to increase explicit alcohol desire as well as positive alcohol 
effects, in line with the above-cited studies. (3) Accordingly, we 
expected alcohol-induced increases in Pc choices of alcoholic 
drink-CS as well as AAT alcohol-approach bias scores. On a 
related note, we wanted to explore whether the null finding of 
Korucuoglu et al. (2014) could be attributed to their smaller sam-
ple (N = 23) or their lower alcohol dose (50 mg%).
Methods
All study procedures were approved by the ethics committee of 
the Technische Universität Dresden (EK 227062011) and fully 
complied with the World Medical Association Declaration of 
Helsinki as revised in 2013.
Participants and recruitment
The study was part of a research consortium investigating the rela-
tions between Learning and Alcohol Dependence (LeAD, DFG 
FOR1617). Participants were recruited by mailing invitation let-
ters to 1100 18-year-old males from the greater Dresden area, 
whose addresses were provided by the local registration office. 
After giving written informed consent, respondents participated in 
another project of our research consortium (Garbusow et al., 
2013) where they were interviewed using the computerized 
Composite International Diagnostic Interview (CIDI; Jacobi 
et al., 2013; Wittchen and Pfister, 1997) and completed learning 
tasks in a separate fMRI session. All participants who consented 
to participate in our study then completed a telephone screening; 
see Figure 1 for the sample size in each recruitment step. Inclusion 
criteria were: 18- to 19-year-old male native German speakers, 
who reported at least two drinking days per month during the last 
three months. Subjects were excluded if they had a lifetime 
DSM-IV substance dependence diagnosis except for nicotine 
dependence; reported current substance abuse except for nicotine; 
had a medical disorder which would place them at risk if receiving 
alcohol; had elevated liver enzymes indicating excessive alcohol 
use; produced a drug screen positive for amphetamines, benzodi-
azepines, barbiturates, cannabinoids, cocaine, ecstasy, antidepres-
sants and opiates; were on any medication possibly interacting 
with alcohol; reported alcohol consumption on the test day or the 
day before; or were left-handed.
Our final sample consisted of 51 males, aged 18 (N = 42) or 
19 years (N = 9), who had their first alcoholic drink at ages 10–16 
(Median = 15), 46% were above the 8-point cut-off suggesting 
risky alcohol use in the AUDIT (M = 7.5, SD = 4.1) and 22% 
were regular smokers.
General experimental procedure
Participants underwent two identical experimental sessions, sepa-
rated by 6–22 days (Median = 7), involving intravenous infusion of 
alcohol or normal saline in a randomized crossover design. 
Subjects were misinformed that they would receive ‘different alco-
hol dosages’ on either day in order to uphold alcohol expectancy 
even on the placebo day. Participants reported to the lab at 12:45 
p.m. and provided a urine sample to screen for drugs using a Nal 
von Minden Multi 12TF test (Moers, Germany). In a brief struc-
tured interview, we assessed drinking behavior and health prob-
lems during the time since the last experimental session.
Figure 2 illustrates the experimental procedure. At 1:40 p.m., 
an 18G i.v. line was established using a cubital fossa vein of the 
non-dominant arm, while participants sat on a reclining arm chair 
facing a 32-inch (approx. 81 cm) video screen. Here, they rated 
subjective measures (described below). At 1:50 p.m. the alcohol 
infusion was started, linearly increasing arterial Blood Alcohol 
Concentration (aBAC) to 80 mg% within 25 min, then holding it 
stable at this level for 2 h.
Participants reached the target aBAC at 2:15 p.m. and again 
rated subjective measures. Then they were transferred to a swivel 
chair facing a computer monitor and completed four tasks in the 
following order: 1) the Pc task including the 2) lexical decision 
task; 3) a two-stage Markov decision-task, which will be reported 
elsewhere; and 4) the AAT.
Back in the arm chair, participants again rated subjective 
measures, followed by a paper-pencil questionnaire assessing 
explicit knowledge of the Pc stimuli and the AUDIT (Babor 
et al., 2001). At 4 p.m., the i.v. line was removed. To keep partici-
pants blind for the treatment condition, they all waited for 2 h, 
resulting in an aBAC below 45 mg%, before they were picked up 
by car (e.g. paid taxicab). At the end of each day, participants 
received their task winnings. At the end of the second day, par-
ticipants were debriefed and received 100€ study compensation.
Alcohol administration methods
We used the Computer-assisted Alcohol Infusion System (CAIS; 
O’Connor et al., 1998) for both alcohol and placebo administra-
tion. Alcohol infusions were prepared by mixing 0.9% saline 
Figure 1. Sample size in each step of the recruitment process. AAT = 
Approach Avoidance Task; N = Number. See Data analysis section for 
exclusion reasons.
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with 95% ethanol (Alkohol Konzentrat 95% Braun, Melsungen, 
Germany) giving a final concentration of 6.0% (v/v). We used 
two volumetric infusion pumps (Infusomat fms, BBraun, 
Melsungen, Germany). Participant’s age, gender, height and 
weight were fed into a Physiologically-Based PharmacoKinetic 
(PBPK) model (Plawecki et al., 2012; Ramchandani et al., 
1999). ABAC (in mg% = German unit ‰*100) was validated 
with 11 aBAC readings (at 6, 12, 18, 24, 27, 35, 45, 85, 
90,105,125 min) using an Alcotest 6810med breathalyzer 
(Draeger Sicherheitstechnik, Lübeck, Germany). These data 
were entered into the CAIS software in real time to improve 
individual pharmacokinetic models and adapt the prescribed 
infusion rates accordingly. The breathalyzer measured alcohol 
concentration in end-expiratory breath, which is closely related 
to arterial BAC during intravenous ethanol infusion (Lindberg 
et al., 2007). Since alcohol exposure is conventionally commu-
nicated as BAC, the breathalyzer applied the usual 1:2100 air/
blood partition coefficient to approximate aBAC (mg%) from 
breath readings (mg ethanol/ liter of air). Owing to the high cer-
ebral perfusion index, aBAC provides a reliable estimate of 
brain alcohol exposure, which is the key factor driving both 
behavior and subjective alcohol effects.
Subjective measures and behavioral tasks
Subjective measures. We used eight statements to measure: (1) 
stimulation: ‘Right now, I am experiencing stimulating alcohol 
effects, e.g., cheerful, excited, full of energy, full of zest for 
action…’; (2) sedation: ‘Right now, I am experiencing sedating 
alcohol effects, e.g., relaxed, tired, sluggish…’; (3) negative 
effects: ‘Right now, I am experiencing negative alcohol effects, 
e.g., nausea, dizziness, ringing in the ear…’; (4) alcohol desire: 
‘I would like to consume more alcohol right now’; (5) general 
well-being: ‘Overall, I am feeling well right now’; (6) drinks 
number: ‘Right now, I feel like I had … drinks’; (7) feeling 
drunk: ‘I am feeling drunk right now’; (8) thirst: ‘I am thirsty 
(e.g., for soda, cola,…)’. Statements were programmed in Pre-
sentation (Neurobehavioral Systems), presented sequentially on 
the video screen and answered using a computer mouse on verti-
cal visual analog scales anchored at 0 (not at all) and 100 
(extremely), or by choosing a number between 0–30 for esti-
mated drinks number.
For analyses of explicit motivation to drink, we used individ-
ual visual analogue scale ratings and estimated drink numbers. 
Higher ratings of alcohol desire, thirst, well-being and stimula-
tion indicated higher motivation to approach alcoholic drinks, 
whereas higher ratings of sedation and negative effects indicated 
higher motivation to avoid alcoholic drinks.
Pavlovian conditioning task. The Pc task (Figure 2A–D) was 
a modified version of the Pavlovian-to-Instrumental Transfer 
(PIT) task used by Garbusow et al. (2014). The task was pro-
grammed in MATLAB 2010b (MathWorks) and presented on a 
19-inch (approx. 48 cm) monitor. Participants were provided 
with headphones (Beyerdynamic DT 770, Heilbronn, Germany) 
and a two-button (blue, yellow) response pad (Current Designs, 
Philadelphia, USA).
During the first 6 min of the task, participants observed 56 (= 
7 cues × 8 repetitions) Pavlovian conditioning trials (Figure 2A), 
in which five money (−2€, −1€, 0€, 1€, 2€) and two drink cues 
(water, alcohol; Figure 2B) were sequentially presented with one 
of seven abstract audio-visual stimuli (Figure 2D). Through 
Figure 2. Schematic overview of the infusion experiment. On alcohol days, arterial Blood Alcohol Concentration (aBAC) was clamped at 80 
mg% from 25 min to 145 min. The Pc task contained an A) conditioning phase B) using seven cues. After a short lexical decision task (not 
shown) participants chose their preferred Conditioned Stimulus (CS) out of two options. Explicit knowledge was assessed with a D) paper-pencil 
questionnaire at 140 min asking for the corresponding cue given each CS. The E) AAT task required participants to pull or push landscape or portrait 
pictures containing the same B) money cues (−2€, 0€, +2€) and drink cues that were used in the Pc task. *The 2-stage Markov decision task is 
reported elsewhere.
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simultaneous presentation with one of the cues, unconditioned 
stimuli were transformed into money- and drink-CS. All CS 
consisted of 350 ms mono sounds and abstract pictures with 
equal mean luminance and equal root-mean-square contrasts of 
the luminance (Peli, 1990). Two different sets of sounds and pic-
tures were used for the two days; their order and assignment to 
cues were randomized for each participant. Participants were 
instructed that money cues indicated real gains and losses which 
were added or subtracted from their payment. Since all money 
cues were presented equally often, the total winning was 0€, but 
subjects received the information that they earned 2€ on day1 
and 3€ on day2.
During the last 5 min of the task, participants were asked to 
choose the CS they liked best when being exposed to all possible 
pairs of CS, which were presented four times in random order (21 
pairs × 4 = 84 trials; Figure 2C). Each audio-visual CS appeared 
for 500 ms on the left or right side of the screen, immediately 
followed by simultaneous presentation of both visual CS until 
participants made their choice via response pad. For responses 
slower than 1500 ms, the phrase ‘Too slow!’ appeared, and the 
respective pair was repeated at the end of the task.
For analyses of implicit motivation to drink alcohol, we col-
lected CS choices (0 = not chosen, 1 = chosen) for each valid 
trial. Higher numbers of alcoholic drink-CS choices indicated 
higher implicit motivation to drink alcohol.
Explicit knowledge of the CS-cue combinations was assessed 
at the end of the experiment. Participants were handed out a color 
copy with all visual CS (Figure 2D), and asked to write down the 
corresponding drink or money cue. For analyses of explicit 
knowledge, we coded for each CS whether the US was correctly 
recalled (0 = false, 1 = correct). Higher numbers of correctly 
recalled stimuli indicated better explicit knowledge of the Pc 
stimuli.
Lexical decision task. This task took 2 min and was presented 
during the Pc task, right after the Pavlovian conditioning phase, 
in order to minimize potentially confounding primacy and 
recency effects on memory during forced choice trials. More-
over, it served as a measure of general decision-making impair-
ments. Participants were instructed to work fast and accurately. 
Verbal stimuli were presented sequentially and remained on the 
screen center until participants indicated a word (left arrow key) 
or a non-word (right arrow key). Ten practice trials were fol-
lowed by 40 experimental trials. Two sets of 25 words and 25 
non-words were used for the two days, presented in random order 
across participants. Non-words were derived from neutral words 
by changing one vowel (e.g. ‘lamp’ to ‘lomp’). All words were 
rated neutral by three independent raters. In addition, words had 
equal length and frequency values according to Potsdamer 
dlexDB database (www.dlexdb.de).
For lexical decision task analyses, we used accuracies (0 = 
false, 1 = correct) of each trial and Reaction Times (RT) of correct 
responses in milliseconds (ms). Higher numbers of false responses 
and longer RTs indicated higher decision-making impairments.
Approach-Avoidance Task. The AAT was programmed in 
MATLAB 2010b (MathWorks) and performed according to 
Wiers et al. (2013) and Wiers et al. (2009; Figure 2E). The task 
took 8 min, was presented on the computer monitor, and partici-
pants used a joystick (Logitech Attack 3, Newark, USA). In each 
trial, a cue was placed centrally in a landscape or portrait frame. 
Participants were randomly instructed to either pull landscape 
and push portrait formats on both experimental days, or vice 
versa. We instructed participants to work fast and accurately, and 
to always look at the screen center. We presented money cues 
(−2€, 0€, +2€) and drink cues (water, alcohol; see Figure 2B). 
The AAT included a zooming feature. Whenever the joystick was 
pulled, the picture grew bigger, and when it was pushed, it grew 
smaller. Ten practice trials with neutral gray rectangles were fol-
lowed by 200 experimental trials (= 5 cues × 2 formats × 20 rep-
etitions), presented sequentially in a quasi-random order fulfilling 
two conditions: the same cue and the same format were maxi-
mally presented four times in a row. After 100 trials, there was a 
break, which could be ended by pushing a joystick button. Cues 
remained on the screen until participants fully pushed or pulled 
them. Whenever this action took longer than 2000 ms, the trial 
was aborted and a sand clock appeared on the screen. For incor-
rect responses, a sad emoticon was presented, whereas no feed-
back was given for correct responses. To make sure the joystick 
was in the center position before each trial, a yellow filled circle 
appeared. It turned into a fixation cross whenever the joystick 
was successfully moved back to the starting position, which was 
then followed by the next cue.
The AAT approach bias was computed as described by Wiers 
et al. (2014). Wrong responses and missed RTs were discarded, 
and then all RTs exceeding the individual mean plus three stand-
ard deviations (7% of all RTs) were removed. Finally, the 
approach bias for each cue was computed by subtracting indi-
vidual median push RTs from median pull RTs. Higher approach 
bias scores towards alcoholic drink cues (alcohol-approach bias) 
indicated higher implicit motivation to drink alcohol.
Sample characteristics. Age of first drinking and smoking sta-
tus (0 = no, 1 = yes), were already assessed in the other project of 
our research consortium. However, if participants reported cur-
rent smoking in our brief structured interview, we set their smok-
ing status to 1. We used AUDIT scores of the second infusion 
session, because there was only one missing (compared to two in 
the first session).
Data analysis
Three subjects were excluded resulting in 51 data sets. One par-
ticipant answered too slowly in the AAT resulting in an error rate 
above 90%. Two subjects reported in the day1 posttest interview 
that they did not follow the AAT instructions: one always pulled 
money gain cues, another focused on the upper screen margin in 
order to not get distracted by the cues.
All analyses were conducted using R 3.2.3 (R Core Team, 
2015). We mainly used mixed-effects models (lmer & glmer, 
package: lme4), since they are known to have a greater power to 
detect true effects than (M)ANOVAs (Jaeger, 2008) and allowed 
us to test all contrasts of interest with a minimum number of 
models.
Explicit motivation to drink alcohol was analyzed using linear 
mixed-effects models predicting each subjective rating out of the 
following fixed effects: time (reference = 25 min), treatment (0.5 
= alcohol vs −0.5 = placebo) and their interaction. We expected 
subjective ratings at 25 min and 120 min to be higher during 
alcohol compared to placebo infusion (positive main effect of 
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treatment and/or positive time × treatment interactions). In all 
models, we had to remove the random time × treatment interac-
tion from the maximum random effects structure (Barr et al., 
2013), because there was only one observation for each factor 
level combination. We interpreted |t-values|> 2 as significant 
(Kliegl et al., 2010). Regarding subjective alcohol effects, we 
removed baseline measurements (0 min) from analyses, because 
they consisted of zero values only, which caused a non-normal 
distribution of the residuals and therefore violated an assumption 
of mixed-effects models (Magezi, 2015). Regarding motivational 
states, we used all measurements, but nine data sets for thirst 
were missing owing to the later integration of thirst in the study 
protocol.
Implicit motivation to drink alcohol in the Pc task was ana-
lyzed using binomial mixed-effects models. First, we analyzed 
how often each CS was chosen when presented together with any 
other CS, testing the fixed effects of CS (reference = alcoholic 
drink-CS), treatment (0.5 = alcohol vs −0.5 = placebo) and their 
interaction. We expected alcoholic drink-CS choices to be higher 
during alcohol compared to placebo infusion (positive treatment 
main effect). To achieve convergence, we had to remove the ran-
dom CS × treatment interaction from the maximum random 
effects structure. Then, we analyzed trials in which the alcoholic 
drink-CS was chosen when presented together with any other CS, 
with alternative (reference = −2€ CS), treatment (0.5 = alcohol 
vs −0.5 = placebo) and their interaction as fixed effects, using the 
maximum random-effects structure. Compared to placebo infu-
sion and −2€, we expected more alcoholic drink-CS choices dur-
ing alcohol infusion when the alternatives were −1€, 0€, 1€, 2€ or 
water CS (positive alternative × treatment interactions).
Implicit motivation to drink alcohol in the AAT was analyzed 
using a linear mixed-effects model predicting approach bias 
scores out of cue (reference = alcoholic drink cue), treatment (0.5 
= alcohol vs −0.5 = placebo) and their interaction. We expected 
higher alcohol-approach bias scores during alcohol compared to 
placebo infusion (positive treatment main effect). Again, we had 
to remove the random interaction term, because there was only 
one observation for each factor level combination.
Interrelations between our measures of motivation to drink 
alcohol and sample characteristics were analyzed with Pearson 
correlations or Spearman correlations (cor.test, package: stats) 
whenever Shapiro-Wilk tests (shapiro.test, package: stats) indi-
cated non-normal distributions. We expected significant cor-
relations between Pc alcoholic drink-CS choices, or AAT 
alcohol-approach bias scores, and thirst, general well-being, as 
well as subjective alcohol effects.
To explore memory impairments, we tested differences in 
explicit knowledge of the Pc stimuli with Mc Nemar tests (mcne-
mar.test, package: stats).
General decision-making impairments in the lexical decision 
task were examined using two mixed-effects models with the 
maximum random-effects structure. A binomial model predicted 
accuracies, and a linear model predicted RTs out of stimulus (0.5 
= word vs −0.5 = non-word), treatment (0.5 = alcohol vs −0.5 = 
placebo infusion) and their interaction.
Results
Alcohol effects on explicit motivation to 
drink alcohol
We expected higher subjective ratings of alcohol desire, thirst 
and well-being during alcohol compared to placebo infusion. In 
fact, all three motivational states were rated higher during alco-
hol compared to placebo infusion at 25 min (t-values > 2.3; 
Figure 3A). The same was true at 120 min for alcohol desire and 
thirst (t-values > 2.0), but not for well-being, according to addi-
tional models with 120 min as reference. Moreover, significant 
interactions indicated that alcohol desire and thirst ratings 
increased more strongly from 0 min to 25 min (t-values > 2.5) 
during alcohol compared to placebo infusion. Besides that, we 
found that irrespective of treatment, alcohol desire, thirst and 
general well-being increased from baseline (0 min) to 25 min 
(t-values > 3.1). Later on, only thirst increased towards 120 min 
(Estimate = 11.5, SD = 2.6, t = 4.3).
All alcohol effects (Figure 3B) were rated higher during alco-
hol compared to placebo infusion at 25 min (t-values > 2.2) and 
120 min (t-values > 5.2). Further, there was a stronger increase in 
negative effects (Estimate = 7.0, SD = 1.9, t = 3.7) over time 
Figure 3. Means and standard errors of the mean (error bars) of subjective ratings (0–100) for A) motivational states and B) alcohol effects, 
measured during alcohol and placebo infusion. Treatment main effects: all ratings were higher during alcohol compared to placebo infusion at 25 
min (t-values > 2.2); the same was true for 120 min for all ratings, besides well-being (t-values > 2.0). See Results section for significant main 
effects of time and interactions between treatment and time.
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during alcohol compared to placebo infusion. Besides that, we 
found that participants reported stronger sedation and negative 
effects at the end of the experiment (120 min), compared to the 
beginning (25 min; all t-values > 2.5), irrespective of treatment.
To summarize, alcohol compared to placebo infusion 
increased explicit motivation to drink alcohol measured by self-
ratings of alcohol desire, thirst, well-being and stimulation.
Alcohol effects on implicit motivation to 
drink alcohol – Pc task
First, we analyzed how often a given CS was chosen when pre-
sented together with any other CS and expected alcoholic drink-
CS choices to be higher during alcohol compared to placebo 
infusion. However, we found a negative treatment main effect 
indicating that alcoholic drink-CS were chosen less often during 
alcohol compared to placebo infusion (Estimate = −0.3, z = −4.0, 
p < 0.001; Figure 4A). There were several interactions between 
CS and treatment: when comparing alcoholic drink-CS and 0€ CS 
during alcohol infusion, the alcoholic drink-CS was less likely to 
be chosen than during placebo (p < 0.001). The same was true for 
the comparison of alcoholic drink-CS with +1€, −1€ (p < 0.001, 
respectively) as well as water CS (p = 0.02). Apart from that, we 
found significant main effects of CS, indicating that participants 
chose more often money gain-CS (+1€, +2€), and less often 
money loss-CS (−1€, −2€) compared to alcoholic drink-CS (all 
p-values <0.001, see Figure 4A).
Next, we focused on those trials forcing a choice between 
alcoholic drink-CS and any other CS to investigate the relative 
preference for alcohol-related over non-alcohol-related CS 
(Figure 4B). The alcoholic drink-CS was chosen most often 
when the other option was the -2€ CS, compared to all other 
alternatives (p = 0.02 for −1€; p < 0.001 for 0€, 1€, 2€, water). 
We expected more alcoholic drink-CS choices than choices of 
other alternatives during alcohol infusion, but interactions went 
in the opposite direction: compared to -2€, there was a stronger 
drop in alcoholic drink-CS choices when the alternative was 0€ 
(p = 0.02), 1€ (p = 0.01), or 2€ (p = 0.03) during alcohol com-
pared to placebo infusion.
In short, alcohol compared to placebo infusion reduced 
implicit motivation to drink alcohol measured by alcoholic drink-
CS choices.
Alcohol effects on implicit motivation to 
drink alcohol – AAT
Although we expected higher alcohol-approach bias scores dur-
ing alcohol compared to placebo infusion, there were no signifi-
cant main effects of treatment or interactions between treatment 
and cue (Figure 5). There were only main effects of cue, suggest-
ing that the approach bias towards alcoholic drink cues was 
higher than that towards 0€ and water cues (t-values > 2.0).
Figure 4. Pavlovian conditioning task means and standard errors of the mean (error bars) of A) percent of trials in which the respective Conditioned 
Stimulus (CS) was presented together with any other CS; and B) trials forcing a choice between the alcoholic drink-CS and any other CS. *Significant 
main effect of treatment. See Results section for significant main effects of CS and interactions between treatment and CS.
Figure 5. Approach bias (median push – median pull reaction time) 
means and standard errors of the mean (error bars) during alcohol 
and placebo infusion. Cue main effect: The approach bias to alcoholic 
drink cues was significantly higher than to 0€ and water cues (t-values 
> 2.0). There were no significant main effects of treatment or 
interactions between treatment and cue.
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Briefly, alcohol administration had no effect on implicit moti-
vation to drink alcohol measured by alcohol-approach bias 
scores.
Interrelation between explicit and implicit 
motivation to drink
Within each treatment condition, we analyzed correlations 
between those explicit and implicit measures of motivation to 
drink alcohol which were assessed close in time. In line with our 
hypotheses, we expected significant correlations between Pc 
alcoholic drink-CS choices or AAT alcohol-approach bias scores 
and thirst, general well-being, as well as alcohol effects.
However, for the Pc task, none of the subjective measures 
rated at 25 min were significantly related to the percentage of 
choices of alcoholic drink-CS during either alcohol or placebo 
infusion. For the AAT, we only found a significant positive asso-
ciation between the alcohol-approach bias and feeling drunk at 
120 min during alcohol infusion (ρ(49) = 0.32, p = 0.02), repre-
senting a medium effect size according to Cohen (1988). All 
other subjective measures were not significantly related to the 
alcohol-approach bias (Table 1).
Next, we tested whether alcohol-induced changes in subjec-
tive measures were linked to changes in approach behavior to 
alcoholic drink stimuli. Correlating the difference scores (pla-
cebo measurement–alcohol measurement) with each other, we 
only found that alcohol-induced increases in well-being were 
related to alcohol-induced decreases in alcohol-approach bias 
(r(49) = −0.29, p = 0.04; Table 1).
Taken together, explicit and implicit measures of motivation 
to drink alcohol were not directly linked with each other.
Interrelation between AUDIT and motivation 
to drink alcohol
Testing the links between real-life drinking problems and our 
measures of explicit motivation to drink alcohol, we found sig-
nificantly positive correlations between the AUDIT and alcohol 
desire measured during placebo administration at 120 min (ρ(48) 
= 0.29, p = 0.04; not surviving Bonferroni correction) as well as 
during alcohol administration at 25 min (ρ(48) = 0.46, p = 0.001) 
and at 120 min (ρ(48) = 0.42, p = 0.003; not surviving Bonferroni 
correction). None of the other explicit ratings were significantly 
associated with the AUDIT. With respect to implicit measures of 
motivation to drink alcohol, the AUDIT correlated positively 
with Pc choices of alcoholic drink CS during alcohol administra-
tion (ρ(48) = 0.29, p = 0.05; not surviving Bonferroni correction; 
see Table1).
Alcohol effects on explicit memory of the Pc 
stimuli
Alcohol administration did not significantly affect recall of alco-
holic drink-CS or money gain-CS (+1€, +2€). All other CS-US 
combinations, namely −2€ (p = 0.02), −1€ (p = 0.008), 0€ (p = 
0.03) and water (p = 0.002), were recalled significantly worse dur-
ing alcohol compared to placebo infusion (only the difference in 
water CS survived Bonferroni correction for multiple testing).
Alcohol effects on general decision-making
In the lexical decision task, there were no significant effects of 
treatment on accuracies, only words were better recognized than 
non-words (Estimate = 0.8, z = −3.2, p = 0.0013). Regarding 
RTs, participants responded significantly slower during alcohol 
than placebo infusion (Estimate = 42.1, SD = 18.5, t = 2.3) and 
words were accepted faster than non-words were rejected 
(Estimate = 106.5, SD = 12.5, t = 8.5).
Table 1. Correlations between sample characteristics, explicit measures 
(rows) and implicit measures (columns) of motivation to drink alcohol, 
measured during A: placebo or B: alcohol administration; as well as C: 
their difference.








smoking 0.20° 0.16 0.11° 0.46
age first drink −0.24° 0.09 −0.00° 0.99
AUDIT (N = 50) 0.01° 0.93 0.13° 0.36
 25 min 120 min
alcohol desire 0.11° 0.42 −0.09° 0.52
well-being −0.01° 0.96 −0.03° 0.83
thirst (N = 44) 0.09° 0.55 −0.09° 0.59
stimulation 0.18° 0.20 −0.04° 0.80
sedation −0.10° 0.48 −0.09° 0.53
negative effects −0.18° 0.22 −0.03° 0.83
drinks number 0.00° 0.98 0.00° 0.97
feeling drunk −0.15° 0.28 −0.05° 0.75
 B: alcohol infusion
smoking −0.10° 0.48 −0.22° 0.12
age first drink −0.07° 0.63 0.07° 0.64
AUDIT (N = 50) 0.28° 0.05 0.05° 0.71
 25 min 120 min
alcohol desire 0.10° 0.50 −0.05° 0.74
well-being 0.03° 0.85 −0.07° 0.62
thirst (N = 44) −0.05° 0.77 0.20° 0.19
stimulation 0.04 0.80 0.04 0.79
sedation 0.08 0.59 0.11 0.43
negative effects −0.12° 0.40 0.15° 0.30
drinks number 0.02 0.92 0.26° 0.07
feeling drunk −0.12 0.42 0.32° 0.02
 C: difference alcohol – placebo
difference in: 25 min 120 min
alcohol desire −0.06° 0.68 −0.02° 0.89
well-being 0.02° 0.90 −0.29 0.04
thirst (N = 44) 0.09° 0.56 0.25° 0.10
stimulation 0.12 0.39 −0.03 0.81
sedation −0.02 0.87 0.13 0.37
negative effects −0.13° 0.37 0.11° 0.46
drinks number 0.15° 0.31 0.15° 0.28
feeling drunk −0.05 0.73 0.11 0.44
Note. N = Number; AUDIT = Alcohol Use Disorders Identification Test; Pc = 
Pavlovian conditioning task, AAT = Approach-Avoidance Task; °Spearman’s rank 
correlation due to non-normal distribution.
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Taken together, during alcohol compared to placebo infusion 
participants responded equally accurately, but more slowly.
Discussion
We aimed to examine the links between explicit and implicit 
motivation to drink alcohol. In line with our hypothesis, we 
found that alcohol administration increased explicit motivation to 
drink alcohol, measured by ratings of alcohol desire, thirst, well-
being and stimulation. With respect to implicit motivation to 
drink alcohol, we found opposite effects, i.e., choices of alco-
holic drink-CS were decreased during alcohol compared to pla-
cebo administration, whereas there was no alcohol effect on the 
alcohol-approach bias. Moreover, explicit and implicit measures 
of motivation were not associated with each other, but correlated 
with real-life drinking problems.
Explicit motivation to drink alcohol
In line with previous studies (Amlung et al., 2015; Christiansen 
et al., 2013; de Wit, 1996), our results support that both alcohol 
administration and the expectancy to receive alcohol increase 
participants’ explicit motivation to drink alcohol, because desire 
for alcohol significantly increased in both treatment conditions, 
but more strongly so during alcohol infusion. The same effects 
were found for subjective ratings of thirst, further suggesting that 
alcohol administration promoted explicit approach motivation to 
alcoholic drinks. Phillips et al. (1985) attributed increased thirst 
during saline infusion to increases in plasma sodium, as well as 
‘dry’ and ‘sticky’ mouth sensations. The isotonic saline itself may 
therefore have increased thirst in our placebo session, whereas 
adding ethanol led to an extra boost in thirst owing to diuretic 
effects of alcohol (Shirreffs and Maughan, 1997). To control for 
thirst, future alcohol administration studies should therefore pro-
vide non-alcoholic beverages in all experimental conditions.
We also measured subjective alcohol effects, such as feelings 
of stimulation and sedation. Numerous studies confirmed alco-
hol-induced increases in both stimulation and sedation (Hendler 
et al., 2013), which is also what we found. Typically, stimulation 
increases at the ascending limb of the BAC curve, whereas seda-
tion increases at the descending limb (Hendler et al., 2013). In 
our study, sedation and negative alcohol effects were rising until 
the end of the experiment, whereas aBAC was kept constant and 
neither rising nor falling. Moreover, negative effects increased 
more strongly during alcohol compared to placebo infusion, sug-
gesting that shifts in subjective alcohol effects do not only occur 
at the descending limb, but also after a certain time of alcohol 
exposure. In line with that concept, Morzorati et al. (2002) 
observed that subjects’ perceptions of sedation showed acute sen-
sitization over time during an alcohol clamp at 60 mg%, whereas 
perceptions of stimulation showed acute tolerance.
Our findings of alcohol-induced increases in positive and 
negative alcohol effects raises the question which of these aspects 
prevailed, because an increase in explicit motivation requires that 
positive effects outweighed negative effects. Since general well-
being was rated higher during alcohol compared to placebo infu-
sion, we think that alcohol infusion mainly promoted positive 
mood and therefore explicit motivation to drink alcohol, which is 
in line with previous findings of Duka and Townshend (2004).
Implicit motivation to drink alcohol
Contrary to what we expected, moderate alcohol intoxication 
reduced preferences for alcoholic drink-CS for the benefit of neu-
tral, −1€, and 1€ CS in the Pc task. This result cannot be explained 
by worse learning of alcoholic drink-CS, because we found no 
differences in explicit knowledge of alcoholic drink-CS and pre-
vious studies reported no effects of alcohol on implicit learning 
(Ray et al., 2004; Tracy and Bates, 1999). Since alcoholic drink-
CS were chosen less often during alcohol infusion, it seems as if 
alcohol reduced the incentive valence of our alcoholic drink cues. 
This alcohol-induced devaluation of alcoholic drink cues might 
be attributed to satiation, as suggested by Duka and Townshend 
(2004) and Roberts and Fillmore (2015). Thus, alcohol-induced 
satiation might have led to a devaluation of alcoholic drink cues 
during second-order Pavlovian conditioning, which later on 
decreased adolescents’ preference for alcoholic drink-CS. To 
determine if the lower preference for alcoholic drink-CS reflected 
satiation or an inability of our Pc paradigm to detect increased 
incentive motivation to drink alcohol, future studies using a dose-
response curve are needed.
Although alcohol infusion reduced implicit motivation to 
drink alcohol in the Pc task, we found no such differences in the 
AAT. We therefore replicated the finding of Korucuoglu et al. 
(2014), who attributed their null effect to a relatively small sam-
ple size and the fact that they examined healthy subjects. Our 
sample was twice as big, but also healthy and even younger. 
Thus, lack of drinking experience and drinking problems might 
explain why the alcohol-approach bias was low in general and 
therefore barely susceptible to acute alcohol administration.
Besides that, we can think of three possibilities to explain the 
AAT null finding. First, the AAT measures Pavlovian or habitual 
stimulus–response behavior, whereas the Pc task measures goal-
directed behavior. Since habitual actions rely on the subjective 
valence of well-known cues, which invariably trigger the same 
responses, they are thought to be largely independent of current 
states such as acute alcohol intoxication (Daw and O’Doherty, 
2014). Assuming this to be true, Pavlovian cues in the AAT might 
have consistently promoted the same approach bias in both 
treatment conditions. If, on the other hand, the Pc task measures 
goal-directed behavior, choices would be based on current 
reward-expectancies (Daw and O’Doherty, 2014). Consequently, 
alcohol infusion might have reduced expectancies of rewarding 
alcohol effects which in turn reduced choices of alcoholic drink-
CS. Indeed, the AAT alcohol-approach bias and the Pc percent-
age of alcoholic drink-CS choices had less than 10% shared 
variance during alcohol infusion (r(49) = 0.27, p < 0.05), sug-
gesting that both tasks rely on different learning systems. In line 
with Schoenmakers et al. (2008), we found a significant correla-
tion between both motivational measures only in the alcohol ses-
sion. To explain this finding, Schoenmakers et al. (2008) reasoned 
that alcohol administration increases the ‘attention-grabbing’ 
properties of substance-related cues, which then evoke more 
automatic responses.
Money cues strongly affected choice behavior in the Pc task 
and participants preferred the two neutral CS over the alcoholic 
drink-CS during alcohol infusion, whereas the opposite was 
found during placebo infusion. Hence, Pavlovian cues were not 
perceived as neutral. A second potential explanation for the lack 
of an alcohol effect on the AAT is therefore that participants 
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learned the instrumental behavior across trials, so that they could 
neither be influenced by cues nor by alcohol administration. To 
exclude such an unspecific training effect, we reanalyzed our 
data using only the first 100 of 200 trials. Results remained 
unchanged. Moreover, neutral cues had a lower approach bias 
than alcoholic drink cues, suggesting that the cues actually did 
have an impact on behavior.
A study by Roberts and Fillmore (2015) offers a third expla-
nation. Using a visual-probe task, they found that the attentional 
bias towards alcohol-related cues was reduced at the ascending 
limb of the BAC curve, but returned back to baseline later, at the 
descending limb. The authors presumed an alcohol-induced tem-
porary reduction in motivation to drink which diminishes over 
time. Therefore, the order of our paradigms might have influ-
enced our findings, and by reordering paradigms, we may have 
found an alcohol effect on the AAT rather than on the Pc task. 
Consequently, clamping aBAC at a constant level might have led 
to a temporary reduction in expected rewarding alcohol effects, 
which in turn reduced approach behavior in the Pc task as previ-
ously discussed by Watson et al. (2012). Later on, subjects’ 
implicit motivation to drink alcohol may have gone back to base-
line, which caused the null effect on the AAT. In other words, a 
person who is feeling well after a few drinks does not necessarily 
have rewarding outcome expectancies when it comes to more 
alcohol intake. Based on their prior drinking experience, the per-
son might even expect to feel worse after more alcohol intake. 
Although our participants might have expected to feel less well 
after more alcohol intake at the beginning of our experiment, we 
did not measure alcohol expectancy and can therefore only spec-
ulate whether reward expectancies for consuming alcoholic 
drinks changed over time.
Interrelation between explicit and implicit 
motivation to drink
We found no interrelation between explicit and implicit motiva-
tion to drink alcohol, which is in line with previous results 
(Roberts and Fillmore, 2015; Schoenmakers et al., 2008) and 
suggests that both aspects of motivation are independent from 
each other, not only in male adolescents, but also in adults and 
women. Schoenmakers et al. (2008) concluded that the incen-
tive-motivational properties of alcohol-related stimuli may 
motivate goal-directed behavior in the absence of conscious 
awareness of ‘wanting’. Based on our results, we suggest that 
the incentive-motivational properties of alcohol-related stimuli 
may motivate goal-directed behavior independent of actual 
‘wanting’. One possible explanation for the missing link between 
explicit and implicit measures of motivation to drink alcohol is 
that both aspects of motivation are weakly correlated in real life, 
which is why our sample size was too small to detect significant 
effects. In fact, there were several correlations between 0.1 and 
0.3 in Table 1, indicating small effect sizes according to Cohen 
(1988).
Alternatively, our data suggest that actual ‘wanting’ increased 
independently of the implicit reactivity towards alcoholic drink 
stimuli. Hence, adolescents’ ratings of alcohol desire might have 
been based on masculine gender roles or previous pleasant drink-
ing experiences, especially during alcohol infusion. Alcoholic 
drink cues, on the other side, might have activated the current 
incentive value of these beverages. As highlighted above, our 
finding that alcoholic drink-CS were chosen less often during 
alcohol infusion indicates that alcohol reduced their incentive 
value, possibly owing to satiation or lower rewarding outcome 
expectancies at an early state of alcohol intoxication. An interest-
ing research question would therefore be, whether subjects are 
explicitly aware of those reductions in subjective valence by ask-
ing them how much alcohol desire the alcohol-related cues evoke.
Schoenmakers and Wiers (2010) pointed out that the satiation 
explanation contradicts their finding of dose-dependent increases 
in craving, and our participants also reported higher alcohol 
desire during alcohol compared to placebo infusion. Nevertheless, 
we did not directly ask for satiation, defined as ‘satisfaction one 
feels with respect to the drug’ (Cousijn et al., 2013), and can 
therefore only speculate whether satiation increased somehow 
independent from alcohol desire.
Alternatively, Schoenmakers and Wiers (2010) proposed 
that the alcohol-induced reduction in alcohol-approach bias 
might be more closely related to sedation rather than craving. 
Our results, however, do not support this assumption, because 
we did not observe a correlation between explicit sedation and 
approach behavior to alcoholic drink stimuli, neither in the Pc 
task nor the AAT.
Whereas the drift diffusion model (Trimmer et al., 2013) pos-
tulates that current mood states directly bias approach and avoid-
ance actions (or implicit motivation), Hofmann et al. (2008) 
proposed that mood states moderate the relationship between 
impulsive approach and avoidance reactions (or implicit motiva-
tion) and health-related behavior, such as alcohol consumption. 
Therefore, subjective alcohol effects might not directly affect 
implicit motivational measures but moderate their relationship 
with real-life drinking behavior. So far, the moderating effect of 
mood was found on eating behavior (Holland et al., 2012) and 
future research needs to show whether this theoretical framework 
also applies to drinking behavior.
Interrelation between AUDIT and motivation 
to drink alcohol
Examining the links between real-life drinking problems and our 
measures of motivation to drink alcohol, we found that AUDIT 
scores were significantly and positively related to both explicit 
alcohol desire and implicit choices of alcoholic drink-CS. With 
respect to explicit motivation to drink alcohol, our findings imply 
that adolescents reporting high alcohol desire are at risk to 
develop alcohol use disorders. In line with this concept, Fazzino 
et al. (2013) found a bidirectional relationship between craving 
and alcohol intake in heavy drinkers, and King et al. (2011) 
reported that alcohol-induced increases in alcohol wanting pre-
dict more real-life drinking in heavy drinkers. Regarding implicit 
motivation to drink, our study revealed that adolescents display-
ing pronounced approach behavior to alcoholic drink stimuli 
when being intoxicated may also be at increased risk for alcohol 
use disorders. The latter is a novel finding which, to the best of 
our knowledge, has never been reported before.
The AUDIT correlations with explicit alcohol desire during 
alcohol and placebo infusion and their selective association 
(albeit weaker) with alcoholic drink-CS selection during alcohol 
infusion seem to provide genuinely new information about ‘prim-
ing’ drinking motivation in young drinkers. That is, alcohol 
administration might augment the incentive value of alcohol and 
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alcohol-related cues as a function of alcohol problems in young 
drinkers, i.e., rather than satiating, hazardous drinkers want alco-
hol more, and responses to alcohol-related Pavlovian cues may 
mark the departure from healthy social drinking to problematic 
drinking. Alternatively, the association between AUDIT and 
alcoholic drink-CS selection in the Pc task may indicate a pre-
existing trait factor (e.g., susceptibility to Pavlovian reward con-
ditioning) that puts problem drinkers at risk. Either way, the 
AUDIT data seem to be important for explaining explicit and 
implicit motivation to drink alcohol in young drinkers and sug-
gest that interventions targeting high risk individuals may be 
more effective than global prevention strategies.
Besides that, our results imply that interventions might as 
well target adolescents after alcohol intake. While cognitive 
interventions could address adolescents’ explicit alcohol desire, a 
web-based combination of attention control training and 
approach-bias re-training might be used to change adolescents’ 
implicit action tendencies, as suggested by Wiers et al. (2015).
With respect to clinical interventions, our observation that an 
association between alcohol problems and approach behavior to 
alcoholic drink stimuli specifically occurs when subjects are 
intoxicated implies that the re-training method of Wiers et al. 
(2011) might be even more effective in patients who are still 
drinking, i.e., before detoxification. This is an intriguing thought 
because up to now, there are only a few concepts how to help 
actively drinking alcoholics who did not yet develop sufficient 
motivation to change their behavior.
Limitations
Since we tested male adolescents using intravenous alcohol 
administration, a modified version of the AAT, and a new Pc task, 
the comparability of our results with previous results might be 
limited. However, we found no interrelation between explicit and 
implicit motivation to drink alcohol, which is in line with previ-
ous results (Roberts and Fillmore, 2015; Schoenmakers et al., 
2008) and suggests that both aspects of motivation are independ-
ent from each other, across different ages, sexes, modes of 
administration and task features. Limitations of our study arise 
from the facts that intravenous alcohol clamping is an extraordi-
nary experience to the subjects, creating novel interoceptive 
cues, and that we infused alcohol much faster than most subjects 
drink it. Both issues raise the possibility that we elicited more 
pronounced dopamine release which in turn would question the 
generalizability of our results to real-life drinking. Human PET 
studies, however, do not appear to support this concern, since 
alcohol-induced dopamine release during intravenous infusion 
following the same dynamics as reported here (Pfeifer et al., 
2016) was rather lower than higher compared to oral alcohol 
administration (Boileau et al., 2003). Nevertheless, one might 
argue that our alcohol infusion method does not necessarily rep-
resent real-life drinking, where aBACs are usually not kept con-
stant, but permanently rising or falling. An oral alcohol 
administration study producing the same alcohol clamp would 
therefore be an important follow-up study to validate our results. 
Finally, it is unlikely that our results reflect impaired decision 
making abilities, because alcohol had no effects on lexical deci-
sion task accuracy. Other placebo-controlled studies using differ-
ent variants of the lexical decision task also reported no 
differences in accuracies, but a general slowing during alcohol, 
with lower impairments for men than women (Haut et al., 1989; 
Marinkovic et al., 2014; Maylor and Rabbitt, 1993).
Conclusions
Our results suggest that moderate alcohol intoxication increases 
explicit motivation, but decreases implicit motivation to drink 
alcohol. Future studies are needed to determine, whether this 
combination of results is caused by satiation with respect to 
alcoholic drink cues, the fact that the Pc task measured goal-
directed behavior and the AAT habitual behavior, a temporary 
reduction in rewarding outcome expectancies at an early state of 
alcohol intoxication, or the rapid ascending limb phase. Another 
valuable follow-up study would be to replicate the exact same 
procedure with a conventional drinking paradigm. Moreover, 
non-alcoholic beverages should be offered in future alcohol 
infusion experiments to appease thirst as a potentially confound-
ing factor. In our study, explicit and implicit motivation to drink 
alcohol were not connected with each other, but correlated posi-
tively with AUDIT scores, especially during alcohol administra-
tion. These findings suggest that both self-reported motivation 
to drink and implicit approach tendencies might independently 
contribute to adolescents’ actual alcohol intake. Preventive 
interventions should therefore target adolescents after alcohol 
intake and aim to reduce their explicit alcohol desire and implicit 
cue-driven behavior.
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Decision-making has been shown to rely on at least two neuro-
biologically and behaviourally distinct systems: A flexible goal-
directed system, which helps choosing actions prospectively 
based on anticipated action-outcome contingencies, and a rather 
inflexible, but fast, habitual system that is based on previously 
learned stimulus-response contingencies (Daw et al., 2005, 2011; 
Daw and O’Doherty, 2014; Dickinson and Balleine, 2010; Dolan 
and Dayan, 2013; Huys et al., 2012). Both systems share com-
monalities with dual-process models of substance use proposing 
that explicit and implicit processes guide drinking behaviour 
(Ostafin et al., 2008; Stacy and Wiers, 2010). However, ‘explicit’ 
here often refers to linguistic reasoning, which is why it is diffi-
cult to use dual-process models of substance use to explain ani-
mal behaviour (Daw and O’Doherty, 2014). On a computational 
level, the goal-directed and habitual systems have been suggested 
to rely on model-based and model-free reinforcement learning, 
respectively (Dolan and Dayan, 2013; Huys et al., 2014; Rangel 
et al., 2008; Redish et al., 2008). Goal-directed, model-based 
decisions are cognitively demanding, because they depend on the 
anticipation of possible future states and consequences of the 
own behaviour (Daw et al., 2005; Dolan and Dayan, 2013; Huys 
et al., 2012). Faced with the choice of having a drink before driv-
ing home by car, for example, the goal-directed system would be 
sensitive to local driving laws, while the habitual, model-free 
system would be driven by past enjoyments of drinking. In the 
present study, both systems were operationalised using the two-
step task, in which a choice at a first task-stage (step 1) induced a 
common (or rare) transition to one of two second-stage states, 
where a second choice resulted in a win of money or no win. In 
this task, control by the habitual, model-free system predicts that 
step 1 choices are repeated in the next trial if they were followed 
by a win, irrespective of transition type, whereas the goal-
directed, model-based system predicts that step 1 choices are 
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repeated only if a common transition was followed by a win or if 
a rare transition was followed by no win.
The extent to which individuals rely on goal-directed and habit-
ual decision-making varies substantially, and the factors determin-
ing the tradeoff have attracted great interest. Goal-directed, 
model-based decisions, for example, are promoted by high work-
ing memory capacity (Otto et al., 2013) and fast processing speed 
(Schad et al., 2014), but they are impaired in disorders involving 
compulsive behaviour, such as obsessive-compulsive disorder, 
binge eating and addiction (Gillan et al., 2016; Voon et al., 2015a). 
Chronic alcohol abuse is known to have toxic effects on the frontal 
cortex (Guillot et al., 2010), which is thought to be important for 
goal-directed decision-making. In addition, alcohol-dependent 
patients were found to act more habitually than non-dependent 
controls by showing a greater bias to approach alcohol cues (Wiers 
et al., 2014) and being less able to adapt responses after errors in 
stop signal tasks (Lawrence et al., 2009). A pilot study of our 
research consortium also suggested that there is poor engagement 
of goal-directed decisions after losses in alcohol-dependent 
patients compared to controls (Sebold et al., 2014). Further studies 
(Gillan et al., 2016; McKim et al., 2016; Vanes et al., 2014) pro-
vided evidence for a similar shift in addiction, while others failed 
to find differences between controls and alcohol-dependent or 
obsessive-compulsive patients (Sebold et al., 2017; Voon et al., 
2015a, 2015b).
None of the above mentioned studies examined acute alco-
hol effects. Since chronic effects are thought to result from the 
accumulation of acute effects, we tested whether acute alcohol 
administration would result in a shift from goal-directed to 
habitual decision-making. Indeed, rats showed aversion-resist-
ant lever pressing for alcohol after three to four months of vol-
untary, intermittent alcohol consumption (Hopf et al., 2010). 
With respect to healthy, socially drinking humans, low alcohol 
doses were found to increase habitual responses for chocolate 
in the extinction phase (Hogarth et al., 2012) and to impair 
planning and adaptive thinking in a virtual reality task 
(Montgomery et al., 2011). Low and high alcohol doses 
impaired the detection of performance errors in the anterior 
cingulate cortex (Ridderinkhof et al., 2002). Further, moderate 
alcohol doses reduced the ability to adapt responses to chang-
ing prospective rewards (George et al., 2005), impaired instru-
mental learning from punishment (Loeber and Duka, 2009), 
decreased training effects on set-shifting tasks (Korucuoglu 
et al., 2017), impaired stop signal and go/no-go performance 
(Gan et al., 2014; Ramaekers and Kuypers, 2006), disrupted 
working memory functions (Saults et al., 2007) and promoted 
self-reported trait impulsivity (McCarthy et al., 2012). Finally, 
moderate and high alcohol doses increased perseverative errors 
in set switching tasks (Guillot et al., 2010). However, whether 
acute alcohol administration actually promotes habits or 
merely impairs goal-directed decisions in humans is unknown.
Another important question is whether or not drinking prob-
lems moderate the impact of alcohol on decision-making. So far, 
there has only been one field study that investigated low-risk, haz-
ardous and harmful drinkers with blood alcohol levels ranging 
between 0 and 150 mg% (Lyvers and Tobias-Webb, 2010). While 
perseverative errors increased with alcohol dose, the authors 
observed no effect of self-reported drinking problems on these 
errors. However, they did not test for an interaction, although 
drinking problems might mark pre-existing decision-making 
impairments, which would show up only in sober subjects. In line 
with that concept, Malone et al. (2014) found that drinking prob-
lems of adolescent twins were associated with poorer performance 
in the Iowa Gambling Task and a reduced volume of the left lateral 
orbital-frontal cortex. Besides that, drinking problems might 
reflect an increased vulnerability towards ethanol, as some people 
are less able to inhibit prepotent, habitual responses after alcohol 
intake (Quinn and Fromme, 2016). Such an alcohol-induced disin-
hibition has been identified as potential risk factor for drinking in 
18–19-year-olds (Gan et al., 2014) and was linked to greater expe-
riences of stimulating alcohol effects (Quinn and Fromme, 2016), 
another risk factor for drinking (King et al., 2016). Finally, drink-
ing problems might as well reflect a lower vulnerability towards 
ethanol, as higher real-life alcohol intake has been associated with 
lower sensitivity towards the functional, metabolic and reinforcing 
effects of alcohol (Gilpin and Koob, 2008), and a low level of 
response towards the effects of alcohol is a known risk factor for 
drinking (Quinn and Fromme, 2011; Schuckit et al., 2008).
The present study was designed to bridge the gap between 
research in patients and animals suggesting that chronic alcohol 
intake promotes habits. We examined the impact of acute alcohol 
administration on decision-making in the two-step task (Daw 
et al., 2011), which examines the relative contribution of habitual 
and goal-directed choices using subtle valuation shifts. In order 
to eliminate biological differences in alcohol pharmacokinetics 
and control for environmental factors, alcohol was administered 
intravenously (O’Connor et al., 1998; Zimmermann et al., 2013). 
We tested adolescents, who, owing to less life-time alcohol expo-
sure, are less affected by neuropsychological deficits in basic 
decision-making than older samples. Our first hypothesis was 
that alcohol administration would promote habitual, model-free 
decisions and reduce goal-directed, model-based behaviour. 
Secondly, higher scores in the Alcohol Use Disorders 
Identification Test (AUDIT) (Babor et al., 2001) were expected 
to weaken the effects of ethanol on decision-making, due to 
lower sensitivity towards the effects of alcohol.
Methods
Study procedures (Project 4: Acute Effects of Alcohol on Learning 
and Habitization in Healthy Young Adults (LeAD_P4); 
NCT01858818; https://clinicaltrials.gov/ct2/show/NCT01858818) 
were approved by the ethics committee of the Technische 
Universität Dresden (EK 227062011) and fully complied with the 
World Medical Association Declaration of Helsinki as revised in 
2013.
Participants
Our study was part of a bi-centric research consortium investigat-
ing Learning and Alcohol Dependence (LeAD; funded by Deutsche 
Forschungsgemeinschaft, Forschergruppe 1617). Adolescents 
were recruited by mailing invitation letters to 1100 18-year-old 
citizens of Dresden, whose addresses were provided by the local 
registration office.
All subjects had undergone another two assessment days as 
part of the LeAD research consortium some weeks earlier. During 
this part of the study, subjects had already given written informed 
consent, had been interviewed using the computerised Composite 
International Diagnostic Interview (CIDI; Jacobi et al., 2013; 
Wittchen and Pfister, 1997), and had completed several learning 
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paradigms including the two-step task (Nebe et al., 2017), partly 
during functional magnetic resonance imaging (fMRI). Only par-
ticipants of the Dresden study centre were involved in the here 
described procedures after completing an additional telephone 
screening for drinking behaviour and health problems since the 
fMRI session. The first infusion session was carried out 44–381 
days after the fMRI session (median=94 days).
We tested 18–19-year-old native German-speaking males 
who reported two or more drinking days per month during the 
last three months. Adolescents were excluded if they had a cur-
rent or past substance dependence except nicotine dependence; 
current or past severe major psychiatric or neurologic disorders; 
elevated liver enzymes indicating excessive alcohol use; a posi-
tive drug screening; current medication that could interact with 
alcohol; reported alcohol consumption at the test day or the day 
before; were left-handed.
Figure 1 displays the sample size in each recruitment step.
The final sample consisted of 53 adolescents, aged 18 (n=43) 
to 19 (n=10) years, who drank their first alcoholic beverages at 
ages 10–16 (median=14), 40% scored eight or higher in the 
AUDIT (mean (M)=7.7, standard deviation (SD)=4.3), suggest-
ing risky alcohol use (Babor et al., 2001), and 21% were regular 
smokers. In the past year, they drank 27–207 g per occasion 
(M=76, SD=41) on either ‘1–3 days a month’ (38%), ‘1–2 days a 
week’ (51%) or ‘3–4 days a week’ (11%). Table 1 displays the 
sample characteristics of low-risk drinkers (AUDIT<8) and inter-
mediate-risk drinkers (AUDIT 8). Five low-risk and seven inter-
mediate-risk drinkers fulfilled one Diagnostic- and Statistical 
Manual (DSM-IV) alcohol abuse criterion (American Psychiatric 
Association, 2000). None fulfilled any dependence criterion. 
General experimental procedure
Participants underwent two infusion sessions (day 1 and day 2), 
separated by 6-22 days (median=7), that involved infusion of 
placebo (0.9% saline) or alcohol (6.0% (v/v) ethanol in saline) in 
random order. Adolescents were misinformed that they would 
receive ‘different alcohol dosages’ in order to uphold alcohol-
expectancy during both sessions. At 12:45, participants reported 
to the laboratory and provided a urine sample to screen for 
amphetamines, benzodiazepines, barbiturates, cannabinoids, 
cocaine, ecstasy, tricyclic antidepressants and opiates using a Nal 
von Minden Multi 12TF (Moers, Germany). A brief history of 
drinking behaviour and health problems covering the time since 
the fMRI session was obtained, and we ensured that baseline 
arterial blood alcohol concentration (aBAC) was zero using an 
Alcotest 6810 med breathalyser (Draeger Sicherheitstechnik, 
Lübeck, Germany). Participants sat in a comfortable arm chair 
facing a 32-inch video monitor at a viewing distance of 1.5 m. 
Here, they rated subjective alcohol effects at baseline (0 min), 25 
min, and 120 min.
At 13:40, an 18G intravenous (i.v.) line was established using 
a cubital fossa vein of the non-dominant arm, and at 13:50, the 
Computer-assisted Alcohol Infusion System (CAIS) was started 
(O’Connor et al., 1998). aBAC was linearly increased up to the 
predefined target of 80 mg% within 25 min and then held stable 
at this level for two hours.
Once the target aBAC was reached at 14:15, participants 
moved to a swivel chair facing a computer monitor and com-
pleted a Pavlovian conditioning and a lexical decision task, both 
of which were reported in Jünger et al. (2017), followed by the 
two-step task. Thereafter, they completed an approach-avoidance 
task, which was also reported in Jünger et al. (2017). At 16:00, 
the i.v. line was removed, and participants were paid their task 
winnings. To avoid unblinding of the infusion condition, partici-
pants had to wait for two hours, while their aBAC fell below 45 
mg%, before being picked up by car (e.g. paid taxicab). At the 
end of the second experimental day, participants were debriefed 
and received full compensation (100 €).
Alcohol administration methods
We used two volumetric infusion pumps (Infusomat fms, BBraun, 
Melsungen, Germany) for i.v. administration. Participant’s age, 
gender, height and weight were used as parameters for the 
Physiologically-Based PharmacoKinetic (PBPK) model 
(Plawecki et al., 2012; Ramchandani et al., 1999). By that, CAIS 
controlled for all inter-individual differences in pharmacokinet-
ics and allowed us to keep aBAC stable throughout the experi-
ment (Zimmermann et al., 2013; O’Connor et al., 1998). Breath 
alcohol readings were obtained at 11 time-points (6, 12, 18, 24, 
27, 35, 45, 85, 90, 105, 125 min) during alcohol and placebo infu-
sion. The breathalyser converted these readings into units of 
aBAC by applying a 1:2100 air/blood partition coefficient. These 
data were entered in real time to improve the individual pharma-
cokinetic model and adapt prescribed infusion rates accordingly. 
The mean of all breath alcohol readings shortly before the two-
step task at 35 min was 83 mg% (SD=4).
Two-step task
The two-step task (Daw et al., 2011) was programmed in 
MATLAB 2010b (MathWorks) with the Psychophysics Toolbox 
3beta extension. In the separate fMRI session, which was carried 
out before both infusion sessions, we used the task version 
Figure 1. Recruitment flowchart. N=Number; *One participant fell 
asleep during the two-step task and missed 42 trials.
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described by Sebold et al. (2014). In both infusion sessions, par-
ticipants again completed the 35 min experimental block with 
201 trials, but we used two different sets of random walks and 
two different sets of stimuli, which were presented in random 
order across both days (see Figure 2). Participants were instructed 
to choose one of two stimuli at step 1, followed by another stimu-
lus pair at step 2. Step 2 choices were either rewarded (20 cents) 
or unrewarded (0 cents) with changing reward probabilities over 
time according to independent random walks (see Figure 2(b)). 
Step 1 choices led to a given pair with a fixed probability of 70% 
(common transition) or to another pair with 30% (rare transition). 
Subjects were also informed that one-third of the total amount 
they earned (minimum of three and maximum of 10 €) was paid 
out at the end.
There are two theoretical response patterns for entirely 
habitual, model-free and entirely goal-directed, model-based 
choice behaviour (Figure 2(c)). Subjects showing perfect habit-
ual behaviour will repeat step 1 choices that led to a reward at 
step 2 on the preceding trial, irrespective of transition, causing 
a main effect of reward. Perfect goal-directed behaviour 
requires knowledge of the task structure and produces an inter-
action between reward and transition. Goal-directed subjects 
will repeat step 1 choices only if they experienced a reward 
within a common transition or a loss within a rare transition at 
the preceding trial. In both other cases, they will switch to the 
other step 1 stimulus because this strategy maximises gained 
rewards.
Self-reported drinking measures
Drinking problems were assessed with the AUDIT questionnaire 
(Babor et al., 2001). Age of drinking onset, drinking frequency and 
quantity were assessed within the CIDI interview. Age of drinking 
onset was determined by asking participants how old they were 
when they had their first alcoholic drink. To measure drinking fre-
quency, we asked participants to indicate how often they drank at 
least one alcoholic drink during the past 12 months by choosing 
one of four options: ‘(almost) daily’=5, ‘3–4 days a week’=4, ‘1–2 
days a week’=3, ‘1–3 days a month’ =2, ‘less than once a month’=1. 








AUDIT 5.1 (1.4) 11.6 (4.4)  
Age of drinking onset 14.7 (0.8) 13.5 (1.6) 0.003
% Smokers 13 33 0.27a
Drinking frequency 0.02a
1–3 days a month 50 19  
1–2 days a week 47 57  
3–4 days a week 3 24  
Drinking quantity
(g per occasion)
69 (37) 86 (45) 0.19
A: Placebo infusion
aBAC (mg%) 0 (0) 0 (0) 1b
Estimated aBAC (mg%) 33 (25) 35 (16) 0.39
Stimulation 11 (18) 20 (25) 0.41
Sedation 15 (24) 25 (23) 0.04
Negative effects 1 (5) 0 (0) 0.16
Feeling drunk 8 (12) 11 (18) 0.84
B: Alcohol infusion
aBAC (mg%) 84 (4) 83 (5) 0.43b
Estimated aBAC (mg%) 88 (50) 98 (52) 0.42
Stimulation 53 (27) 56 (26) 0.78
Sedation 40 (26) 42 (23) 0.66
Negative effects 9 (15) 3 (6) 0.25
Feeling drunk 51 (27) 51 (24) 0.94
C: Difference alcohol - placebo
Stimulation 42 (30) 36 (28) 0.56
Sedation 25 (33) 18 (22) 0.26
Negative effects 8 (14) 3 (6) 0.32
Feeling drunk 43 (27) 40 (22) 0.75
aBAC: arterial blood alcohol concentration; AUDIT: Alcohol Use Disorders Identification Test.
aBAC was measured via breathalyser before the two-step task at 35 min; subjective alcohol effects were measured before the two-step task at 25 min. The table displays 
means and standard deviations in parentheses.
aPearson’s Chi-squared test for count data; bWelch two sample t-test.
Obst et al. 5
To assess drinking quantity, participants used pictures of beverages 
to indicate what exactly they drank on an average drinking day. 
Their answers were then converted into grams (g) of pure alcohol.
Subjective alcohol effects
We used visual analogue scale ratings of four statements to meas-
ure: (a) stimulation: ‘Right now, I am experiencing stimulating 
alcohol effects, e.g. cheerful, excited, full of energy, full of zest for 
action…’; (b) sedation: ‘Right now, I am experiencing sedating 
alcohol effects, e.g. relaxed, tired, sluggish…’; (c) negative effects: 
‘Right now, I am experiencing negative alcohol effects, e.g. nausea, 
dizziness, ringing in the ear…’; (d) feeling drunk: ‘I am feeling 
drunk right now’. Statements were programmed in Presentation 
(Neurobehavioural Systems), presented sequentially on the video 
screen, and answered using a computer mouse on vertical visual 
analogue scales anchored at zero (not at all) and 100 (extremely).
As manipulation check, we asked participants to estimate 
their actual BAC (estimated aBAC) shortly after the i.v. line was 
removed.
Data analysis
Behavioural data were analysed using individual stay probabilities, 
which coded whether each step 1 choice was a repetition of the 
preceding step 1 choice. Further, we coded the previous trial’s step 
2 reward (rewarded vs unrewarded) and transition (common vs 
rare). A significant main effect of reward would indicate habitual, 
model-free decision-making, whereas a reward x transition interac-
tion would indicate goal-directed, model-based decision-making 
(Figure 2(c)). For analyses, we used R 3.4.3 (https://www.r-project.
org/). A binomial (logit) mixed-effects model (glmer, package: 
lme4) was used to predict trial-by-trial stay probabilities (0=change 
vs 1=stay) out of reward (0.5=reward vs −0.5=no reward) and tran-
sition (0.5=common vs −0.5=rare), as well as treatment (0.5=alco-
hol infusion vs −0.5=placebo infusion). To reach convergence, we 
removed the treatment factor from the maximum random effects 
structure (Barr et al., 2013).
We explored whether self-reported drinking problems moder-
ated alcohol effects on decision-making by adding the fixed factor 
AUDITbinomial (score <8=low-risk drinker vs 8= intermediate-
risk drinker; coded as −0.5 vs 0.5) to the above described model. 
We repeated that procedure for raw AUDIT scores. To display the 
strength of reward main effects and reward x transition interac-
tions, we computed the following differences in stay probabilities: 
individual model-free scores (% rewarded common+% rewarded 
rare–% unrewarded common–% unrewarded rare) and model-
based scores (% rewarded common–% rewarded rare–% unre-
warded rare+% unrewarded common) as described by Sebold 
et al. (2014). We then subtracted individual model-free from 
model-based scores to estimate each adolescent’s weight of goal-
directed relative to habitual decision-making (Smittenaar et al., 
2013). Differences in theses relative weights were then analysed 
using a type-III analysis of variance (ezANOVA, package: car) 
with treatment and AUDITbinomial as factors.
Figure 2. Two-step task: (a) procedure and timing; (b) step 1 stimuli led to step 2 stimuli in either 70% (common transition) or 30% (rare 
transition) of all trials. Step 2 stimuli were either rewarded or not with a given probability that changed over time (from trial 1–201); (c) theoretical 
example of stay probability patterns for purely model-free (left) and model-based (right) behaviour.
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Spearman’s rank correlations between AUDIT scores and age of 
drinking onset, drinking quantity as well as drinking frequency were 
obtained (cor.test, package: stats). Further, we used Welch two sam-
ple t-tests (t.test, package: stats) for differences in breath alcohol 
readings of (aBAC), Wilcoxon rank sum tests (wilcox.test, package: 
stats) for differences between low-risk and intermediate-risk drink-
ers with respect to estimated aBACs, age of drinking onset, drinking 
quantity, and subjectively experienced alcohol effects. Pearson’s 
Chi-squared tests (chisq.test, package: stats) for count data were 
used for differences in drinking frequency and smoking status.
To control for real-life alcohol intake, we added the factors 
age of drinking onset, drinking frequency, and drinking quantity 
to the above described models after standardising all three of 
them by creating z-scores (scale, package: base). To control for 
order effects of treatment we created an extra fixed factor order 
(–0.5=alcohol at day 1 vs 0.5=alcohol at day 2) and added it to 
the above described models.
For each choice at step 1, we measured the time between stim-
ulus onset and response in seconds. Alcohol effects on these 
response latencies were analysed using a linear mixed-effects 
model testing the same effects as described above. We interpreted 
|t-values|>2 as significant (Kliegl et al., 2010).
A priori power and observed effect size calculations were carried 
out using G*Power (http://www.gpower.hhu.de/), based on previous 
work reporting learning parameters that were measured after drink-
ing moderate alcohol doses in humans (George et al., 2005; Guillot 
et al., 2010; Loeber and Duka, 2009; Ramaekers and Kuypers, 
2006). Observed effect sizes ranged between 0.2 and 2 (M=0.9). 
Then, we computed the required sample size for repeated-measures 
analysis of variance with an effect size of 0.4 for treatment (alcohol 
vs placebo), an alpha level of 0.05, and a power of 0.8, which was 52 
people. Further, we performed a power analysis to find a between-
within interaction (treatment x AUDITbinomial) with the same 
parameters, resulting in a sample size of 54 people. During analyses, 
we switched to mixed-effects models, because they allowed us to 
use trial-by-trial data and can properly account for within-subject 
correlations and unbalanced data (Gueorguieva and Krystal, 2004).
Graphics were created using ggplot (package: ggplot2) and 
the GNU Image Manipulation Program (GIMP; https://www.
gimp.org/). Standard errors (SEs) of the mean were corrected for 




Self-assessment of current aBAC (in mg%) by the adolescents 
was significantly lower after placebo than alcohol administration 
(Mplacebo=34 (SD=22)<Malcohol=92 (SD=51); p<0.001), without 
any difference between low-risk and intermediate-risk drinkers 
(see Table 1). Four low-risk drinkers and one intermediate-risk 
drinker correctly guessed that their aBAC was 0 mg% after being 
infused with placebo, but this difference was not significant.
Alcohol effects on stay probabilities
Figure 3 displays stay probabilities observed during both treat-
ment conditions.
Collapsing both treatment conditions, we observed habitual, 
model-free components of decision-making: Choices were more 
likely to be repeated after rewarded than unrewarded trials 
(Estimatereward=0.45, SE=0.07, z=6.5, p<0.001). There were also 
goal-directed, model-based components across treatment condi-
tions, as indicated by a significant reward x transition interaction 
(Estimatereward x transition=1.51, SE=0.24, z=6.3, p<0.001).
Alcohol significantly reduced the size of both the reward 
effect (Estimatereward x treatment=−0.14, SE=0.07, z=−2.0, p=0.047; 
Figure 3(c)) and the reward x transition interaction 
(Estimatereward x transition x treatment=−0.30, SE=0.14, z=−2.1, p=0.036; 
Figure 3(d)), suggesting that alcohol administration impaired 
both model-based and model-free components of decision-mak-
ing. Combining all four task conditions, overall stay probabilities 
were also reduced during alcohol compared to placebo adminis-
tration (Estimatetreatment=−0.11, SE=0.04, z=-2.9, p=0.004).
Alcohol effects on decision-making remained significant after 
controlling for order of treatment when adding this factor as 
fixed main effect to the above described model and when allow-
ing order to interact with all other factors.
AUDIT as moderator for the alcohol effects 
on decision-making
We tested whether self-reported drinking problems moderated 
the effects of ethanol on decision-making by adding the binary 
AUDIT factor to the above described models. Just like in the pre-
vious model, we observed significant effects of reward, treat-
ment, their interaction and the reward x transition interaction (all 
p-values<0.041). Besides that, AUDITbinomial moderated the 
alcohol effect on model-based decision-making. Compared to 
intermediate-risk drinkers, low-risk drinkers showed signifi-
cantly stronger alcohol-induced impairments in model-based 
decisions (EstimateAUDITbinomial x reward x transition x treatment=1.2, 
SE=0.29, z=4.0, p<0.001). AUDITbinomial did not significantly 
moderate alcohol effects on model-free decisions (p=0.34). 
Figure 4 depicts that alcohol administration numerically reduced 
model-based behaviour in low-risk drinkers (Figure 4(c)), while 
increasing it in intermediate-risk drinkers (Figure 4(d)).
For raw AUDIT scores, we found a similar four-way interac-
tion (EstimateAUDIT x reward x transition x treatment=0.6, SE=0.14, z=4.2, 
p<0.001), again indicating that a lower number of self-reported 
drinking problems was associated with stronger impairment of 
model-based decision-making during alcohol administration.
To examine the relative contribution of goal-directed and 
habitual decision-making, we analysed differences between 
model-based and model-free scores. In an analysis of variance, 
we tested whether these differences were affected by treatment 
and AUDITbinomial. A significant interaction between both fac-
tors indicated that low-risk drinkers showed an alcohol-induced 
relative shift towards model-free choices, whereas intermediate-
risk drinkers made a shift in the opposite direction, towards 
model-based choices (F(1,51)=4.3, p=0.044, see Figure 4(e) and 
(f)), with an observed effect size f=0.29.
Comparing each individual bar with any other bar using 
paired and unpaired Wilcoxon tests (Figure 4(a)–(d)) or t-tests 
(Figure 4(e) and (f)), we found no significant differences (all 
p-values>0.12).
AUDIT, real-life drinking, and subjective 
alcohol effects
Raw AUDIT scores correlated negatively with age of drinking 
onset (Spearman’s ρ=−0.40, p=0.003) and positively with 
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drinking quantity (Spearman’s ρ=0.28, p=0.039), drinking fre-
quency (Spearman’s ρ=0.35, p=0.011), and sedation during pla-
cebo administration (Spearman’s ρ=0.29, p=0.038).
With respect to AUDITbinomial, we found that intermediate-
risk drinkers reported an earlier age of drinking onset, higher 
drinking frequency and stronger sedation during placebo infusion 
(p-values<0.05) than low-risk drinkers (see Table 1). Both groups 
did not significantly differ in any other experience of subjective 
alcohol effects.
The moderating effects of raw and binary AUDIT scores on stay 
probabilities at step 1 remained significant after controlling for age 
of drinking onset, drinking frequency, drinking quantity and order 
of treatment in four separate models. There were no additional 
interactions between real-life drinking and model-free or model-
based decision-making. With respect to order, the moderating effect 
of raw AUDIT scores on the alcohol effect on model-based learning 
was significantly weaker when alcohol was administered at day 2 
compared to day 1 (Estimateorder x AUDIT x reward x transition x treatment=−0.55, 
SE=0.28, z=−2.0, p=0.0496).
Alcohol effects on response latency
We predicted individual response latencies recorded at step 1 by 
reward, transition, treatment, AUDITbinomial, and their interac-
tions. Combining all four task conditions, alcohol generally slowed 
down choices at step 1 (Estimatetreatment=0.01, SE=0.004, t=3.1). This 
alcohol-induced slowing was stronger in intermediate-risk drinkers 
than low-risk drinkers at step 1 (EstimateAUDITbinomial x treatment=0.02, 
SE=0.008, t=2.9). Alcohol also slowed down model-based decisions 
(Estimatereward x transition x treatment=0.04, SE=0.02, t=2.3) at step 1. 
Model-free response times were not significantly affected by 
treatment.
Discussion
We examined the effects of acute alcohol administration on deci-
sion-making in the two-step task. Alcohol relative to placebo 
administration reduced both habitual, model-free and goal-directed, 
model-based decisions in the entire sample of healthy male 
Figure 3. Mean stay probabilities and standard errors of the mean (error bars) as a function of reward and transition at the preceding trial during 
(a) placebo infusion and (b) alcohol infusion. Overall stay probabilities were significantly reduced during alcohol compared to placebo infusion 
(p<0.01). Lower panels display the strength of model-free (c) and model-based (d) components of decision-making as measured by differences in 
stay probabilities as described in the Data analysis section. *p<0.05.
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adolescents. Subdividing the sample based on individual AUDIT 
scores, we found that alcohol effects on goal-directed, model-based 
decisions varied as a function of drinking problems. Hence, adoles-
cents with intermediate compared to low risk for drinking problems 
showed an unexpected alcohol-induced shift from habitual towards 
goal-directed behaviour.
Concerning the entire sample, our first hypothesis was partly 
confirmed. Instead of reducing goal-directedness while promot-
ing habitual choices, alcohol reduced both components of deci-
sion-making. An increase in perseverative errors (Guillot et al., 
2010; Lyvers and Tobias-Webb, 2010) cannot explain these 
impairments, because alcohol significantly reduced stay proba-
bilities and therefore perseveration. The alcohol-induced decline 
in habitual decision-making was unexpected given the work of 
Hogarth et al. (2012), but might be explained by our higher alco-
hol dose and the more complex two-step task. Hoffman et al. 
(2015) suggested that the effects of alcohol on cognitive perfor-
mance vary by dose, with beneficial effects for low doses and no 
effect for moderate doses. Consequently, our alcohol dose might 
have been sufficiently large to disrupt key aspects of habitual 
decision-making in the two-step task, such as memory for 
sequences of visual information (Saults et al., 2007), executive 
functioning and prospective planning (Montgomery et al., 2011), 
the detection of performance errors in the anterior cingulate cor-
tex (Ridderinkhof et al., 2002) or the ability to process motiva-
tionally salient outcomes (Euser et al., 2011). In our sample, 
low-risk drinkers appeared to suffer most from such cognitive 
impairments. These adolescents might have simply switched 
more randomly between options in response to alcohol, which 
caused their decline in overall stay probabilities and goal-
directed choices.
Our primary finding that intermediate-risk drinkers’ goal-
directed choices were not impaired by alcohol was partly in line 
with our second hypothesis. We expected that intermediate-risk 
drinkers would be less sensitive towards the effects of alcohol 
due to more drinking experience. In line with that view, drinking 
problems were significantly associated with earlier age of drink-
ing onset, higher drinking frequency and quantity. However, 
Figure 4. Differences in stay probabilities determining the absolute strength of model-free ((a), (b)) and model-based ((c), (d)) decision-making, 
and relative strength of model-based over model-free behaviour ((e), (f)) with standard errors of the mean (error bars). Alcohol generally reduced 
model-free decisions (p<0.05, (a) and (b)). Low-risk drinkers showed significantly stronger alcohol-induced impairments of model-based decisions 
than intermediate risk-drinkers (p<0.001, (c) and (d)). Low-risk drinkers showed an alcohol-induced relative shift towards model-free choices, 
whereas intermediate-risk drinkers made a shift in the opposite direction, towards model-based choices (p<0.05, (e) and (f)).
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compared to low-risk drinkers, intermediate-risk drinkers neither 
showed lower sensitivity towards the effects of alcohol (Gilpin 
and Koob, 2008) nor an increased level of stimulation (King 
et al., 2016), as subjectively experienced alcohol effects did not 
differ between groups during alcohol infusion. There were also 
no group differences in the changes of these experiences from 
placebo to alcohol infusion. The lack of group differences in sub-
jective responses might be explained by the fact that we adminis-
tered alcohol intravenously, which eliminates typical 
alcohol-related cues (e.g. taste, smell) that may evoke condi-
tioned responses. Besides that, alcohol administration seemed to 
improve decisions of intermediate-risk relative to low-risk drink-
ers, which would not be explained by lower sensitivity towards 
the effects of alcohol.
The shift towards goal-directed behaviour in intermediate-risk 
relative to low-risk drinkers came along with longer response 
latencies during alcohol administration, which suggests that we 
measured deliberation time instead of reaction time. In fact, par-
ticipants were not instructed to respond as fast and accurate as pos-
sible and there were no obvious error trials (Salthouse and Hedden, 
2002). Consequently, intermediate-risk relative to low-risk drink-
ers might have invested more mental effort at step 1 during alcohol 
administration, because goal-directed choices are cognitively 
demanding. This view is supported by computational accounts for 
the balance between goal-directed and habitual behaviour, which 
suggest that goal-directed behaviour relies on a speed-accuracy 
tradeoff, where goal-directed computations improve choice accu-
racy at the cost of deliberation time (Keramati et al., 2011).
The observation that alcohol improved intermediate-risk 
drinkers` performance more strongly at day 1 than day 2 suggests 
that alcohol might have served as negative reinforcer by neutralis-
ing unpleasant states. Quite a few participants spontaneously 
mentioned that they perceived the two-step task as ‘boring’ or 
‘exhausting’, and complained that it lasted up to 50 min. We 
assume that the task got more bothersome from session to session. 
As a result, intermediate-risk drinkers might have struggled most 
with it at day 2 during placebo administration, which boosted their 
goal-directed, model-based behaviour at day 1 during alcohol 
administration. In accordance with that idea, moderate alcohol 
intake has been found to facilitate non-drug-related behaviours by 
reducing stress, enhancing mood and improving cognitive perfor-
mance (Baum-Baicker, 1985; Müller and Schumann, 2011). Our 
own data further supports the role of alcohol as negative rein-
forcer, as drinking problems correlated positively with sedation 
during placebo administration and intermediate-risk drinkers felt 
more sedated than low-risk drinkers in that condition. These find-
ings might imply that intermediate-risk drinkers experienced the 
two-step task as more boring than low-risk drinkers. Indeed, bore-
dom susceptibility and the expectancy to escape from boredom 
are important risk factors for alcohol consumption in adolescence 
(Biolcati et al., 2016; Peltzer et al., 2012). Alternatively, alcohol 
may have reduced mental fatigue instead of boredom, since the 
former was shown to arise from sustained performance and to 
impair goal-directed behaviour by reducing executive control 
(van der Linden et al., 2003). However, we did not measure bore-
dom or subjectively perceived mental effort and can therefore 
only speculate whether the more sedated intermediate-risk drink-
ers felt less bored or mentally exhausted than low-risk drinkers 
during alcohol compared to placebo administration. An important 
question for future research is therefore, whether boredom and/or 
mental fatigue during the two-step task differentiate between low-
risk and intermediate-risk drinkers.
The alternative explanation that alcohol reduced withdrawal 
symptoms in intermediate-risk drinking adolescents is unlikely, 
since none of them fulfilled any DSM-IV alcohol dependence 
criterion. Compensatory strategies also fail to explain our results, 
because, just like low sensitivity, perfect compensation would 
predict no alcohol effect instead of a performance increase in 
intermediate relative to low-risk drinkers (Testa et al., 2006). One 
might argue that intermediate-risk drinkers overcompensated for 
the expected cognitive deficits in the alcohol condition, because 
they unmasked this condition more easily than low-risk drinkers, 
based on their longer drinking experience. However, analyses of 
participants’estimated aBACs indicated that the numbers of low-
risk and intermediate-risk drinkers, who successfully unmasked 
this condition, did not differ significantly.
On a neuronal level, higher AUDIT scores might have been 
associated with stronger striatal reward prediction error signals 
during alcohol compared to placebo administration. In line with 
that concept, Nebe et al. (2017) reported an association between 
earlier age of drinking onset and stronger blood oxygenation 
dependent responses to reward prediction errors, which were 
found to reflect both model-free and model-based predictions in 
the two-step task (Daw et al., 2011). Further, intermediate-risk 
compared to low-risk drinkers might have benefited more strongly 
from the gamma-aminobutyric acid (GABA)-like effects of alco-
hol, since excitation of GABA(B) receptors in rats was shown to 
enhance set-switching performance (Beas et al., 2016).  Given the 
close link between cogntive abilities and goal-directed choices 
(Schad et al., 2014), this may have facilitated a shift towards goal-
directed control. Finally, intermediate-risk relative to low-risk 
drinkers might have released more dopamine in response to alco-
hol, as dopamine was found to promote goal-directed over habit-
ual choices (Wunderlich et al., 2012). However, based on our 
behavioural data we can only speculate about neuronal mecha-
nisms, emphasising the need for future alcohol administration 
studies on decision-making using neurobehavioural methods.
Limitations of our findings include the lack of significant post-
hoc comparisons. The significant four-way interaction might 
therefore solely reflect alcohol-induced reductions in goal-direct-
edness in low-risk drinkers, while the numerical increase in inter-
mediate-risk drinkers occurred by chance. As mentioned above, 
our sample size was sufficiently large to detect main effects and 
interactions with a size of 0.4, given an α-level of 0.05 and a 
power of 0.8. Thus, our study was underpowered for detecting 
small or medium effects of alcohol in one of the two subsamples. 
To check the power of our four-way interaction, we used the web-
based tool Power ANalysis for GEneralised Anova designs 
(PANGEA; https://jakewestfall.shinyapps.io/pangea/), using the 
default experimental parameters and our number of intermediate-
risk drinkers (21) as number of subjects in each AUDIT group. We 
found a power of 0.83 for our four-way interaction, indicating that 
our sample size was sufficiently large to test four-way interac-
tions. Futher, all information provided by the four-way interaction 
was also covered by the significant two-way interaction between 
AUDIT and treatment on differences between model-based and 
model-free scores. We therefore think that the shift towards goal-
directed behaviour in adolescents with intermediate relative to 
low risk for drinking problems was a reliable result. In line with 
this possibility, the relative shift was no artifact of task training. 
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Although model-based performance should improve across ses-
sions and, by chance, the majority of intermediate-risk drinkers 
(13 out of 21) received alcohol at day 2 (compared to 13 out of 32 
low-risk drinkers), we found that the alcohol-induced improve-
ment in intermediate-risk drinkers was consistent when controling 
for treatment order, and that it was actually stronger when receiv-
ing alcohol at day 1 compared to day 2. Other limitations include 
the young male sample and the fact that we clamped aBAC at 80 
mg%. Thus, we can only speculate whether our results pertain to 
women, older participants and other alcohol doses. Finally, i.v. 
alcohol clamping is an extraordinary experience questioning the 
generalisability of our results to real-life drinking, where aBACs 
are permanently rising or falling. An oral alcohol administration 
study producing the same alcohol clamp would therefore be an 
important follow-up study to validate our results. Nevertheless, 
intravenous alcohol clamping yields several advantages compared 
to oral alcohol administration, as it eliminates biological differ-
ences in alcohol pharmacokinetics and reduces inter-individual 
variation in aBAC. It also minimises the impact of environmental 
factors, including alcohol-related contextual cues and social pres-
sure (O’Connor et al., 1998; Zimmermann et al., 2013). Our find-
ings therefore reflect pharmacological effects of alcohol on 
decision-making that are largely unbiased by the before-men-
tioned environmental or biological factors.
To fill the gap between research in patients and animals sug-
gesting that chronic alcohol intake promotes habits, we examined 
the effect of acute alcohol exposure on decision-making in the 
two-step task in a sample of healthy male adolescents. Instead of 
promoting habits, alcohol reduced habitual decision-making in 
the entire sample. At the same time, alcohol reduced goal-
directed choices in low-risk relative to intermediate-risk drink-
ers, possibly due to alcohol-induced disruptions of cognitive 
operations leading to rash choices at step 1. Intermediate-risk 
relative to low-risk drinkers, on the other hand, showed a shift 
away from habitual towards goal-directed decision-making, such 
that alcohol possibly even improved their performance. Based on 
the current results we speculate that intermediate-risk drinkers 
benefited from alcohol as negative reinforcer possibly displaying 
a novel risk factor for drinking in adolescence.
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